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Report on Carcinogens Listing for Solar Radiation and Exposure to Sunlamps or Sunbeds

Carcinogenicity

Solar radiation is known to be a human carcinogen, based on human studies which
clearly indicate a causal relationship between exposure to solar radiation and cutaneous
malignant melanoma and non-melanocytic skin cancer. Some studies suggest that solar radiation
may also be associated with melanoma of the eye and non-Hodgkin’s lymphoma. Simulated
solar radiation is carcinogenic in experimental animals (IARC V.55, 1992).

Exposure to sunlamps or sunbeds is known to be a human carcinogen, based on both
human and animal studies. Recent human studies have shown that exposure to sunlamps or
sunbeds is associated with cutaneous malignant melonoma (Swerdlow et al., 1988; Walter et al.,
1990; Autier et al., 1994; Westerdahl et al., 1994). Exposure-response relationships were
observed for increasing duration of exposure, and effects were especially pronounced in
individuals under 30 and those who experienced sunburn. Malignant melanoma of the eye is also
associated with use of sunlamps. In contrast, there is little support for an association of exposure
to sunlamps or sunbeds with non-melanocytic skin cancer (IARC V.55, 1992).

Sunlamps and sunbeds emit radiation primarily in the ultraviolet A (UVA) and ultraviolet
B (UVB) portion of the spectrum. Numerous studies have shown that broad spectrum UV
radiation, UVA radiation, UVB radiation, and UVC radiation are carcinogenic in experimental
animals. There is evidence for benign and malignant skin tumors and for tumors of the cornea
and conjunctiva in mice, rats, and hamsters. UV radiation also causes a wide spectrum of DNA
damage resulting in mutations and other genetic alterations in a variety of in vitro and in vivo
assays for genotoxicity, including assays using human skin cells (IARC V.55, 1992).
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Listing Criteria from the Report on Carcinogens, Eighth Edition

Known To Be A Human Carcinogen:
There is sufficient evidence of carcinogenicity from studies in humans which indicates a
causal relationship between exposure to the agent, substance or mixture and human
cancer.

Reasonably Anticipated To Be A Human Carcinogen:
There is limited evidence of carcinogenicity from studies in humans, which indicates that
causal interpretation is credible, but that alternative explanations, such as chance, bias or
confounding factors, could not adequately be excluded, or

There is sufficient evidence of carcinogenicity from studies in experimental animals
which indicates there is an increased incidence of malignant and/or a combination of
malignant and benign tumors: (1) in multiple species or at multiple tissue sites, or (2) by
multiple routes of exposure, or (3) to an unusual degree with regard to incidence, site or
type of tumor, or age at onset; or

There is less than sufficient evidence of carcinogenicity in humans or laboratory animals,
however; the agent, substance or mixture belongs to a well-defined, structurally related
class of substances whose members are listed in a previous Report on Carcinogens as
either a known to be human carcinogen or reasonably anticipated to be human
carcinogen, or there is convincing relevant information that the agent acts through
mechanisms indicating it would likely cause cancer in humans.

Conclusions regarding carcinogenicity in humans or experimental animals are based on scientific
judgment, with consideration given to all relevant information. Relevant information includes,
but is not limited to dose response, route of exposure, chemical structure, metabolism,
pharmacokinetics, sensitive sub populations, genetic effects, or other data relating to mechanism
of action or factors that may be unique to a given substance. For example, there may be
substances for which there is evidence of carcinogenicity in laboratory animals but there are
compelling data indicating that the agent acts through mechanisms which do not operate in
humans and would therefore not reasonably be anticipated to cause cancer in humans.
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1.0 INTRODUCTION

1.1 Physical Properties

Solar radiation from the sun includes most of the electromagnetic spectrum (IARC,
1992). The position of ultraviolet radiation (UVR) in the electromagnetic spectrum is shown in
Figure 1-1 (NASA, 1996); see also Figure 1 in the IARC monograph p. 44. Table 1-1 shows
different bands within the optical radiation spectrum, with UV light being the most energetic and
biologically damaging. UV light is divided into UVA, UVB, and UVC. UVA is the most
abundant of the three, representing 95% of the solar UV energy to hit the equator, and UVB
represents the other 5%. The short wavelength UVC rays are absorbed by ozone, molecular
oxygen, and water vapor in the upper atmosphere so that measurable amounts from solar
radiation do not reach the earth’s surface (Farmer and Naylor, 1996).

Table 1-1. Regions of the Optical Radiation Spectrum (ACGIH, 1996)

Region Wavelength Range
Ultraviolet (UV)

100 to 380-400 nm
uv-C* 100 to 280 nm
UV-B* 280-315 nm
UV-A? 315-400 nm
Visible (Light) 380-400 to 760-780 nm
Infrared (IR) 760-780 nm to 1 mm
IR-A 760-780 nm to 1.4 pm
IR-B 1.4-3.0 pm
IR-C 3.0 umto 1 mm

a = photobiological designations of the Commission Internationale de I’Eclairage
(CIE, International Commission on Illumination)

1.2 Photobiological and Photochemical Activity

Molecules that absorb UV and visible light contain moieties called chromophoric groups
in which electrons are excited from the ground state to higher energy states. In returning to
lower energy or ground states, the molecules generally re-emit light (Dyer, 1965). Molecules
sensitive to UV light absorb and emit UV light at characteristic maximum wavelengths (1), often
expressed as A,,,,.

Photochemical and photobiological interactions occur when photons of optical radiation
react with a photoreactive molecule, resulting in either a photochemically altered molecule or
two dissociated molecules (Phillips, 1983; Smith, 1989; both cited by IARC, 1992). To alter
molecules, a sufficient amount of energy is required to alter a photoreactive chemical bond
(breaking the original bond and/or forming new bonds). Photon energy is expressed in electron
volts (eV). A wavelength of 10 nm corresponds to a photon energy of 124 €V; and 400 nm, to an
energy of 3.1 eV (WHO, 1979; cited by IARC, 1992). The quantum yield of a photochemical or
photobiological reaction is defined as the number of altered molecules produced relative to the
number of absorbed photons (Phillips, 1983; cited by IARC, 1992). The efficacy of a
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photochemical interaction per incident quantum and the photobiological effects per unit radiant
exposure are widely variable, depending on wavelength. The action spectrum is characterized by
the quantitative plot of such spectral variation, usually normalized to unity at the most effective
wavelength (Jagger, 1985; cited by IARC, 1992, p. 44).

UVB is considered to be the major cause of skin cancer despite its not penetrating the
skin as deeply as UVA or reacting with the epidermis as vigorously as UVC. UVB’s reactivity
with macromolecules combined with depth of penetration make it the most potent portion of the
UV spectrum biologically with respect to short-term and long-term effects. UVA, while possibly
not as dangerous, also induces biological damage (Farmer and Naylor, 1996).

Photobiological reactions of concern for skin cancer risk due to UV light exposure are
the reactions with the main chromophores of the epidermis—urocanic acid, DNA, tryptophan,
tyrosine, and the melanins. DNA photoproducts include pyrimidine dimers, pyrimidine-
pyrimidone (6-4) photoproducts, thymine glycols, and DNA exhibiting cytosine and purine
damage and other damage such as DNA strand breaks and cross-links and DNA-protein cross-
links. The different DNA photoproducts have varying mutagenic potential (IARC, 1992).

UV-induced DNA photoproducts produce a variety of cellular responses that contribute
to skin cancer. Unrepaired DNA photoproducts may result in the release of cytokines that
contribute to tumor promotion, tumor progression, immunosuppression, and the induction of
latent viruses (Yarosh and Kripke, 1996). These and other photobiological reactions initiated by
exposure to UVR as well as DNA damage repair to reverse DNA photoproducts are described
more fully in Sections 6 and 7 and the IARC monograph (IARC, 1992).
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Figure 1-1. The Electromagnetic Spectrum

The Electromagnetic Spectrum
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2.0 HUMAN EXPOSURE

2.1 Use

Aside from the many benefits of sunlight/solar radiation, artificial sources of UVR are
used for cosmetic tanning, promotion of polymerization reactions, laboratory and medical
diagnostic practices and phototherapy, and numerous other applications as described in IARC
(1992, pp. 58-70).

2.2 Sources

Ultraviolet light is naturally emitted by the sun and artificially from lamps such as
tungsten-halogen lamps, gas discharge, arc, fluorescent, metal halide, and electrodeless lamps
(IARC, 1992, pp. 58-59) and lasers such as the 308-nm XeCl (xenon chloride) excimer and the
193-nm ArF (argon fluoride) excimer (Sterenborg et al., 1991).

The use of sunlamps and tanning beds is as a cosmetic source. The latter chiefly emit
UVA (315-400 nm) although certain lamps that emitted considerable UVB and UVC radiation
were more common before the mid-1970s (IARC, 1992, pp. 60-62). However, UVB produces a
better tan than UV A and recently, at least in the United States and United Kingdom, use of
sunlamps with more UVB radiation has become widespread (Wright et al., 1997; cited by
Swerdlow and Weinstock, 1998). Low-pressure mercury vapor lamps, sunlamps, and black-light
lamps are considered to be low-intensity UV sources. High-intensity UV sources include high-
pressure mercury vapor lamps, high-pressure xenon arcs, xenon-mercury arcs, plasma torches,
and welding arcs. Three different UVA phosphors have been used in sunlamps sold in the
United States over the past 20 years, producing emission spectra that peak at 340 nm, 350 nm, or
366 nm. Two modern U.S. sunlamps evaluated by the FDA emitted 99.0% and 95.7% UVA and
the rest UVB radiation (<320 nm). A new high-pressure UVA sunbed with eighteen 1600-W
filtered arc lamps emitted 99.9% UVA. An older-type sunlamp used more than 20 years ago
(UVB/FS type) emitted 48.7% UVA (Miller et al., 1998).

2.3 Exposure
2.3.1 Environmental Exposure
2.3.1.1 Solar Radiation

The greatest source of human exposure to UVR is solar radiation; however, the exposure
varies with the geographical location. With decreasing latitude or increasing altitude, there is
greater exposure; for every 1000 feet above sea level, a 4% compounded increase exists.
Decreases in the stratospheric ozone caused by chemicals generating free radicals increase UVR
exposure. Heat, wind, humidity, pollutants, cloud cover, snow, season, and the time of day also
affect UVR exposure (Consensus Development Panel, 1991). IARC (1992) gives several other
environmental sources for UVR on pages 50-58 of the monograph.

Although use of sunscreen is known to protect from skin damage induced by UVR,
sunscreen use has not become habitual by a large fraction of the U.S. population. For example,
Newman et al. (1996) surveyed a random sample of persons in San Diego, a location with one of
the highest incidences of skin cancer in the United States. Sunscreen was used only about 50%
of the time on both skin and body by tanners, about 40% of the time on the face, and 30% of the
time on the body.
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2.3.1.2 Sunlamps or Sunbeds

Most bulbs sold in the United States for use in sunbeds emit "substantial doses of both
UVB and UVA" (Swerdlow and Weinstock, 1998, citing "personal communication from industry
sources"). Many of the home and salon devices in the 1980s emitted both UVA and UVB
radiation, but current devices emit predominantly UVA (FTC, 1997; Sikes, 1998).

FDA scientists calculated that commonly used fluorescent sunlamps would deliver 0.3 to
1.2 times the annual UVA dose from the sun to a typical tanner requiring 20 sessions at 2
minimal erythema doses (MED) per session. The common sunlamps would deliver to a frequent
tanner (100 sessions at 4 MED/session) 1.2 to 4.7 times the UVA received annually from solar
radiation. The frequent tanner would receive 12 times the annual UVA from solar radiation from
the recently available high-pressure sunlamps (Miller et al., 1998).

In 1987, an American Academy of Dermatology (AAD) survey found that, although 96%
of the U.S. population surveyed knew that sun exposure causes cancer, one-third of the adults
responding develop tans. By 1987, the indoor tanning industry was one of the fastest growing in
the United States (Sikes, 1998). Surveys of U.S. telephone book Yellow Pages found 11,000
indoor tanning facilities in 1986 and more than 18,000 facilities in 1988. About 11% of women
and 6% of men were frequent patrons (Research Studies-SIS, 1989). New York State alone was
estimated to have 1300 commercial tanning facilities in 1993 (Lillquist et al., 1994). By 1995,
indoor tanning facilities were a $1 billion industry serving 1 million patrons a day (Guttman,
1995). About 1 to 2 million patrons visit tanning facilities as often as 100 times per year (Sikes,
1998).

A 1990 survey of 1,564 holders of drivers' licenses residing in New York State outside of
the New York City area, who were aged 17 to 74 years, were white, and had never had skin
cancer, found that 21.5% of the respondents had ever used sun lamps (28.1% among those 16 to
24 years old) but that only 2.3% used sun lamps at least once a month. Ever users were more
likely to be women, younger, and never married or divorced or separated (Lillquist et al., 1994).
Surveys in the early 1990s of adolescents who had ever used tanning devices have found about
twice as many girls as boys among the users (33% vs. 16% and 18.5% vs. 7.4%) (Banks et al.,
1992; Mermelstein and Riesenberg, 1992; both cited by Lillquist et al., 1994).

Up to 25 million persons per year in North America are currently estimated to use
sunbeds. Teenagers and young adults are prominent among users. A study of high school
students in St. Paul, Minnesota, found that 34% had used commercial sunbeds at least 4 times in
the past year. Fifty-nine percent of the users reported some skin injury. A 1995 U.S. survey
found that commercial tanning salon patrons included 8% aged 16 to 19 years and 42% aged 20
to 29 years; 71% were female (Hurt and Freeman, undated; cited by Swerdlow and Weinstock,
1998).

Wisconsin dermatologists, ophthalmologists, and emergency room personnel reported
treating 372 patients with ocular and/or dermal injuries from artificial tanning devices ina 12-
month survey ca. 1990. Of these patients, 53% to 65% were exposed to tanning beds or booths
and 17 to 35% were exposed to reflector bulb lamps. In the group of 155 emergency room
patients with first or second degree skin burns from artificial tanning, 58% were burned at
tanning salons and 37% were burned at home (Garrett, 1990). Although FDA has mandated
rules that require that tanning equipment labeling warn about overexposure, skin cancer, possible
premature skin aging, and photosensitivity with certain cosmetics and medications, a Public
Interest Research Group survey of 100 tanning salons in 8 states and the District of Columbia
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found 183 tanning devices without the required warnings (Cosmetic Insiders' Report, 1991).
Sikes (1998) stated, without attribution, that tanning devices caused 1,800 reported injuries in
1991, mostly in persons aged 15 to 24 years old. A survey of 31 tanning salons in 1989 in the
greater Lansing, Michigan, area, population 450,000, found that 87% of the facilities offered
their clients "tanning accelerators.” Respondents at five establishments stated that their tanning
accelerators contained psoralens, but this could not be confirmed (Beyth et al., 1991).

2.3.2 Occupational Exposure

Many occupations, e.g., agricultural, construction, and road work laborers, spend a large
component of their work day outdoors. Outdoor workers, therefore, are the largest occupational
group exposed to solar UVR. Occupational exposure to artificial UVR occurs in industrial photo
processes, principally UV curing of polymer inks, coatings, and circuit board photoresists;
sterilization and disinfection; quality assurance in the food industry; medical and dental
practices; and welding. Welders are the largest occupational group with artificial UVR exposure.
However, only arc welding processes produce significant levels of UVR. UVR from welding
operations is produced in broad bands whose intensities depend on factors such as electrode
material, discharge current, and gases surrounding the arc (NIOSH, 1972). [OSHA regulations
required many protective measures to reduce UVR exposure of workers engaged in or working in
the vicinity of arc welding operations. See the Regulations section.] IARC (1992) describes on
pages 66-70 of the monograph details of these occupational exposures to artificial UVR.

A study conducted on laboratory UV lasers such as those used in cornea shaping and
coronary angioplasty showed that the relative risk may increase to a level comparable to that of
individuals with an outdoor profession (Sterenborg et al., 1991).

Applying a mathematical power model based on human data, Lytle et al. (1992)
suggested that there is an increased risk of squamous cell carcinoma (SCC) from exposure to
UV-emitting fluorescent lamps. The estimates of annual incidence of new SCC, for indoor
workers exposed to UV light, indicated that an exposure to typical fluorescent lighting (unfiltered
by a clear acrylic prismatic diffuser) may add 3.9% (1.6%-12%) to the potential risk from solar
UVR, thus resulting in an induction of an additional 1500 (600-4500) SCC per year in the United
States. There is a small increased risk of SCC from exposure to UV-emitting fluorescent lamps,
when compared to 110,000 SCC caused by solar exposure.

NIOSH (1972) estimated that 211,000 workers in the manufacturing industries (Standard
Industrial Codes [SICs] 19-39) were exposed to UVR; 49,000, in the transportation and
communication industries (SICs 40-49); 17,000, in the wholesale, miscellaneous retail, and
service stations categories (SICs 50, 59, 55); and 41,000, services industries (SICs 70-89). The
sources considered were arc welding, air purifiers, and sanitizers.

2.4 Regulations and Criteria

The U.S. Food and Drug Administration (FDA) Center for Devices and Radiological
Health (CDRH) have promulgated regulations concerning sunlamp products and UV lamps
intended for use in sunlamp products. Manufacturers must notify CDRH of product defects and
repair and replacement of defects. CDRH issues written notices and warnings in cases of
noncompliance. Several performance requirements must be met by sunlamp products (21 CFR
1040.20), including irradiance ratio limits, a timer system, protective eyewear to be worn during
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product use, compatibility of lamps, and specific labels. The label should include the statement
“DANGER—Ultraviolet radiation” and warn of the dangers of exposure and overexposure.

OSHA requires extensive UVR protective measures of employees engaged in or working
adjacent to arc welding processes. Arc welding emits broad spectrum UVR. Workers should be
protected from the UVR by screening, shields, or goggles. Employees in the vicinity of arc
welding and cutting operations should be separated from them by shields, screens, curtains, or
goggles. If possible, welders should be enclosed in individual booths. In inert-gas metal-arc
welding UVR production is 5 to 30 times more intense than that produced by shielded metal-arc
welding. OSHA-required protective measures in shipyard employment and marine terminals
include filter lens goggles worn under welding helmets or hand shields and protective clothing
that completely covers the skin to prevent UVR burns and other damage (OSHA, 1998a, 1998b,
1998c¢).

ACGIH (1996) has set various Threshold Limit Values (TLVs®) for skin and ocular

exposures. TLVs® for occupational exposure are determined by these parameters:

1. “For the near UV spectral region (320 to 400 nm), total irradiance incident upon the
unprotected eye should not exceed 1.0 mW/cm? for periods greater than 10 seconds
(approximately 16 minutes) and for exposure times less than 10° seconds should not
exceed 1.0 J/em?.”

2. Unprotected eye or skin exposure to UVR should not exceed 250 mJ/cm’ (180 nm) to
1.0x10° mJ/cm? (400nm) for an 8-hour period. The TLVs®in the wavelength range
235 to 300 nm are 3.0 (at 270 nm) to 10 mJ/cm’.

3. Effective irradiance for broad band sources must be determined by using a weighting
formula.

4. “For most white-light sources and all open arcs, the weighting of spectral irradiance
between 200 and 315 nm should suffice to determine the effective irradiance. Only
specialized UV sources designed to emit UV-A radiation would normally require
spectral weighting from 315 to 400 nm.”

5. The permissible ultraviolet radiation exposure for unprotected eye and skin exposure
may range from 0.1 pW/cm? (8 hours/day) to 30000 pW/cm’ (0.1 sec/day).

6. “All of the preceding TLVs® for UV energy apply to sources which subtend an angle
less than 80°. Sources which subtend a greater angle need to be measured only over
an angle of 80°.”

ACGIH (1996) added that even though conditioned (tanned) individuals may not be any
more protected from skin cancer, they can tolerate skin exposure in excess of the TLV without
erythemal effects. NIOSH criteria for a recommended standard for occupational exposure to
UVR are practically identical to those given in ACGIH items 1 and 2 above (NIOSH, 1972).

The Federal Trade Commission (FTC) investigates false, misleading, and deceptive
advertising claims about sunlamps and tanning devices (FTC, 1997).

The American Medical Association passed a resolution in December 1994 that called for
a ban of the use of suntan parlor equipment for nonmedical purposes. Dermatologists have urged
the FDA to take action to discourage use of suntan parlors and suntan beds (Blalock, 1995).
Currently, the FDA Center for Devices and Radiological Health and the Centers for Disease
Control and Prevention (CDC) encourage avoidance of sunlamps and sunbeds (AAD, 1997).
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Although 27 states and municipalities had promulgated some regulations on indoor tanning
facilities by late 1995, they are seldom enforced (Blalock, 1995). The American Academy of
Dermatology's Tanning Parlor Initiative provides a manual giving instructions on petitioning
state, regional, and local governments on this issue and examples of regulatory legislation

(Dermatology Times, 1990).

REGULATIONS
Regulatory Action Effect of Regulation/Other Comments
F | 21 CFR 5—PART 5—DELEGATIONS
D | OF AUTHORITY AND
A | ORGANIZATION. Subpart B—

Redelegations of Authority from the
Commissioner of Food and Drugs.

21 CFR 5.37—Sec. 5.37 Issuance of

48 FR 8441, Mar. 1, 1983, as amended
through 62 FR 67271, Dec. 24, 1997.

21 CFR 5.89—Sec. 5.89 Notification of
defects in and repair and replacement of,
electronic products. Promulgated: 48 FR
56948, Dec. 27, 1983, as amended
through 62 FR 67271, Dec. 24, 1997.

21 CFR 878—PART 878—GENERAL
AND PLASTIC SURGERY DEVICES.

Subpart E—Surgical Devices.

reports of minor violations. Promulgated:

Sec. 21 CFR 5.37(b)(5)(ii): U.S. FDA officials
of the Center for Devices and Radiological
Health (CDRH), Regional Food and Drug
Directors, and other listed officials are
authorized to perform all the functions of the
Commissioner of Food and Drugs under
section 539(d) of the FFD&CA regarding the
issuance of written notices or warnings when
their functions relate to manufacturers of
sunlamp products and UV lamps intended for
use in any sunlamp product as defined in 21
CFR 1040.20(b).

Sec. 5.89(a)(2) lists CDRH and other officials
authorized to perform all functions of the
Commissioner of Food and Drugs relating to
notification of defects in, noncompliance of,
and repair or replacement or refund for
manufacturer’s UV lamps for sunlamps under
Section 359 of the Public Health Service Act
and under Secs. 1003.11, 1003.22, 1003.31,
1004.2, 1004.3, 1004.4, and 1004.6
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REGULATIONS

Regulatory Action

Effect of Regulation/Other Comments

> O™

21 CFR 878.4635—Sec 878.4635
Ultraviolet lamp for tanning.
Promulgated: 55 FR 48400, Nov. 20,
1990, as amended at 59 FR 63010, Dec.
7, 1994.

21 CFR 1000—PART 1000—
GENERAL. Subpart B—Statements of
Policy and Interpretation.

21 CFR 1000.15—Sec. 1000.15
Examples of electronic products subject
to the Radiation Control for Health and
Safety Act of 1968.

21 CFR 1002—PART 1002—RECORDS
AND REPORTS. Subpart A—General
Provisions.

21 CFR 1002.1—Sec. 1002.1
Applicability. Promulgated: 60 FR
48382, Sept. 19, 1995; 61 FR 13423,
March 27, 1996.

21 CFR 1040—PART 1040—
PERFORMANCE STANDARDS FOR
LIGHT-EMITTING PRODUCTS.

21 CFR 1040.20—Sec. 1040.20 Sunlamp
products and ultraviolet lamps intended
for use in sunlamp products.

Promulgated: 50 FR 36550, Sept. 6, 1985.

This section defines a UV lamp for tanning as a
device using UVR to tan the skin. Such a
device is designated as Class I, exempt from
premarket notification procedures given in 21
CFR 807.

Tanning and therapeutic lamps are UVR
sources subject to the regulations of this part.

Specifies record and reporting requirements
falling under other subparts of 21 CFR 1002 for
sunlamps.

Sunlamps and UV lamps for use in sunlamp
products are lamps producing UVR in the
wavelength interval 200-400 nm in air. A
sunlamp product is defined as any electronic
product designed to incorporate one or more
UV lamps and intended for irradiation of any
part of the human body to induce skin tanning.
The regulation in 21 CFR 1040.20(i) (¢ )
specifies performance requirements including
an irradiance ratio limit: the ratio irradiance at
>200-260nm / irradiance at >260-320 nm may
not exceed 0.003 at any distance and direction.

11
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REGULATIONS

Regulatory Action Effect of Regulation/Other Comments

Other performance requirements include a
timer system, appropriate protective eyewear to
accompany the product, compatibility of lamps
and specific labeling. The label should include
a statement beginning with “DANGER—
Ultraviolet radiation...” and warn of the
dangers of overexposure (eye and skin injury
and allergic reactions) and repeated exposure
(premature aging). The instructions should
recommend exposure positions and exposure
schedule, describe proper operation of the
product, and instruct how to obtain repairs and
replacement components.

> O

1972 Criteria for a Recommended For the spectral region of 315 to 400 nm: For
Standard....Occupational Exposure to periods greater than 1,000 s = 1.0 mW/cm?; for
Ultraviolet Radiation. NIOSH Publication periods less than or equal to 1,000 s = 1,000
No. 73-11009, NTIS No. PB-214268 mW-s/cm® (1.0 J/cm?). For spectral region of
200 to 315 nm, consult the criteria document.

L O~ Z

3.0 HUMAN STUDIES

3.1 Solar UV Radiation

Most of the human literature through 1991 on the relationship of solar radiation to cancer
was thoroughly evaluated by IARC (1992, pp. 73-130). IARC concluded that there was
sufficient evidence in humans for the carcinogenicity of solar radiation and that it caused
cutaneous malignant melanoma (CMM) and nonmelanocytic skin cancer. On the basis of animal
and human data, IARC concluded that solar radiation is carcinogenic to humans (Group 1).

Four recent studies have investigated the relationship of solar radiation to non-Hodgkin’s
lymphoma (NHL) (Table 3-1). Bentham (1996) reported on 55,818 NHL cases registered in the
Atlas of Cancer Incidence in England and Wales, 1968-1985, which covers 59 counties in
England and Wales. The cases were compared to weighted samples of all other registered
cancers, adjusting for age and sex. Exposure was defined as the estimated levels of solar UVR,
by county, calculated from a model using data on latitude and cloud cover. After adjusting for
social class and agricultural employment, the relative risk (95% confidence interval [CI]) of NHL
for the highest versus the lowest UVR group was 1.34 (1.32-1 37).

Newton et al. (1996 lett.) used a large, population-based cancer registry containing
occupational information to compare 428 registered NHL cases , who had outdoor occupations in
England, 1981-1987 to NHL cases with any occupation. After adjusting for age, social class, and
cancer registry of origin, the proportional registration ratios (95% CI) were 95 (86-105) for men

12
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and 156 (103-228) for women (a 56% excess of NHL), suggesting an association of NHL with
outdoor occupation in women but not in men.

Hartge et al. (1996) examined geographic patterns of mortality rates for CMM,
nonmelanocytic skin cancer, and NHL in U.S. whites, 1950-1980. Although rates for both types
of skin cancer were higher in the southern half of the United States, the rate for NHL was lower.
Annual ambient levels of solar UVB radiation were estimated for each state, adjusting for
latitude, altitude, and cloud cover. Mortality from both types of skin cancer, by state, had a
positive linear relationship with solar UVB radiation (p<0.0001), while mortality from NHL was
negatively related to solar UVB radiation (p<0.0001).

McMichael and Giles (1996) used data on age-standardized cancer incidence rates during
1978-1987 in Caucasian populations around the world to examine the correlation of NHL
incidence rates with estimates of UVB radiation. The association of UVB radiation with NHL in
men (r = 0.50, p<0.001) was weaker than the association with CMM (r = 0.75, p<0.001); results
were similar in women. Data on age-, sex-, and time-standardized incidence rates for Caucasian
populations showed that the correlation of NHL with CMM was 0.41 (p<0.014) for men and 0.29
(p<0.099) for women. They also observed that British migrants to Australia had NHL and CMM
rates intermediate between that of the population of England and Wales and the Australian-born
population.

These results provide limited support for an association of NHL with exposure to solar
radiation.

3.2 Nonsolar UV Radiation

IARC also reviewed studies of cancer and nonsolar UVR (1992, pp. 130-134). The
IARC Working Group concluded that there was limited evidence in humans for the
carcinogenicity of exposure to UVR from sunlamps and sunbeds and inadequate evidence in
humans for the carcinogenicity of exposure to fluorescent lighting. On the basis of human and
animal data, IARC concluded that UVA, UVB, and UVC radiation are probably carcinogenic to
humans (Group 2A), that use of sunlamps and sunbeds entails exposures that are probably
carcinogenic to humans (Group 2A), and that exposure to fluorescent lighting is not classifiable
as to its carcinogenicity to humans (Group 3).

Three studies published after the IARC review have investigated the effect of exposure to
sunlamps or sunbeds on cancer incidence. Autier et al. (1994) conducted a case-control study in
Belgium, France, and Germany, which examined the relationship between cutaneous malignant
melanoma and exposure to sunlamps or sunbeds. The cases were 420 consecutive patients who
were 20 years old or more and had nonpigmented skin. Controls with no history of skin cancer
were randomly chosen from the same municipalities as the cases and matched on age and gender.
Response rates were 92% for cases and 78% for controls. Exposure was estimated by home
interviews using a structured questionnaire, and categorized by purpose: tanning or nontanning.
The crude odds ratio for ever exposure was 0.97 (95% CI, 0.71-1.32). After adjusting for age,
sex, hair color, and average time per year spent in sunny holiday resorts, the odds ratio for at
least 10 hours’ exposure for tanning purposes starting before 1980 was 2.12 (95% CI, 0.84-5.37).
The adjusted odds ratio for at least 10 hours’ exposure for tanning purposes in subjects who
experienced skin-burn was 7.35 (95% CI, 1.67-32.3).

13
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A Swedish case-control study (Westerdahl et al., 1994) examined the relationship
between malignant melanoma and exposure to sunlamps or sunbeds. Incident cases (400), aged
15-75 years, were selected from a population-based regional tumor registry. Controls (640) were
randomly selected from the National Population Registry of the same region, and matched to the
cases on age, gender, and parish. Response rates were 89% for cases and 77% for controls.
Exposure to sunlamps and sunbeds was determined by mailed questionnaires. After adjusting for
skin and hair color, history of sunburn, number of raised nevi, family history of malignant
melanoma, and frequency of summer sunbathing, the odds ratio for ever exposure was 1.3 (0.9-
1.8). The adjusted odds ratio for 10 or more exposures per year was 1.8 (95% CI, 1.0-3.2). The
adjusted odds ratio for subjects less than 30 years old was 7.7 (95% Cl, 1.0-63.6), and a
significant dose-response was demonstrated (p = 0.02); in older individuals the odds ratio was
smaller and nonsignificant. The risk was greater for melanoma on the trunk (adjusted odds ratio,
4.2; 95% CI, 1.6-11.0) than for melanoma on the extremities, head, or neck (adjusted odds ratio,
1.1, 95% CI 0.6-2.3), indicating that the risk depends on the site of exposure.

A Canadian case-control study (Bajdik et al., 1996) examined the relationship between
basal cell carcinoma (BCC) or squamous cell carcinoma (SCC) and exposure to nonsolar UVR.
Male cases of BCC (226) and SCC (180) from the Alberta Cancer Registry were compared to
406 age-matched male controls randomly selected from Alberta’s health insurance plan
subscriber list. Response rates were 70-80% for both cases and controls. Exposure to various
nonsolar UVR sources (fluorescent lighting, sunlamps, welding torches, mercury vapor lamps,
printing/photocopying lights, UV lamp treatments, UV/black lights, and horticultural growth-
inducing lights) was determined by home interviews using a structured questionnaire. After
adjusting for ethnic origin, skin and hair color, and occupational sun exposure, ever exposure to
sunlamps was associated with a small, nonsignificant elevation in risk for both types of cancer
[odds ratio for BCC, 1.2 (95% CI, 0.7-2.2); odds ratio for SCC, 1.4 (95% Cl, 0.7-2.7)]. No other
type of exposure was associated with either type of cancer, but the number of subjects reporting
most exposures was small.

Table 3-2 summarizes the evidence from nine studies regarding the association of CMM
with exposure to sunlamps or sunbeds, including seven reviewed in the IARC monograph (1992)
and two reviewed above. Results of the first five studies listed are essentially negative.
However, most of these studies have limited power to evaluate the association, due to small
sample size and/or small numbers of exposed individuals. Moreover, cases in most of these
studies were recruited before use of sunlamps and sunbeds became widespread in the 1980s, but
CMM has a relatively long latency. Three of the studies evaluated only sunlamp exposure, but
sunbeds may provide higher UVR exposure. Thus, the negative evidence is weak. In contrast,
the four positive studies were reasonably large and had sufficient numbers of exposed
individuals; most cases were recruited in the mid-1980s or later; and exposure to both sunlamps
and sunbeds was evaluated. The positive results of these studies are unlikely to be due to
confounding since their analyses adjusted for exposure to solar radiation as well as skin and hair
coloring and other risk factors for CMM. Three of the studies found a dose-response for
increasing duration of exposure. Taken together, these studies provide strong evidence for an
association of exposure to sunlamps or sunbeds with CMM.

Four studies have also found an association of melanoma of the eye with exposure to
sunlamps or sunbeds, with statistically significant odds ratios of 1.4 to 3.7 (reviewed by IARC,
1992).
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In contrast, three studies reviewed by IARC (1992) and one described above (Bajdik et
al., 1996) failed to find associations of nonmelanocytic skin cancer with exposure to sunlamps or
sunbeds. However, all four considered very few exposed subjects and recruited cases in 1985 or
earlier.

3.3 Potential Confounding of the Association Between Exposure to Sunlamps or Sunbeds
and Cutaneous Malignant Melanoma by Exposure to Solar Radiation

Individuals who use sunlamps or sunbeds for tanning purposes are also likely to expose
themselves to solar radiation in order to tan. Thus, exposure to solar radiation may confound the
relationship between exposure to sunlamps or sunbeds and cutaneous malignant melanoma.
Three of four recent studies of the relationship have addressed this issue. Swerdlow et al. (1988)
adjusted for sun exposure as well as numbers of nevi, skin type, and hair and eye color; relative
risks [95% confidence interval (CI)] for <3 months, 3 months to 1 year, and >1 years of use,
compared to never use, were 0.7 (0.1-3.8), 3.1 (1.0-9.9), and 3.4 (0.6-20.3). Although the
estimates were imprecise because of small numbers, there was a significant trend with increasing
duration of use (p<0.05). Autier et al. (1994) stratified on purpose of exposure (non-tanning vs.
tanning), cumulative hours of exposure (<10 vs. 10+), and experience of sunburn (no vs. yes) and
adjusted for average number of holiday weeks in sunny resorts as well as age, sex, and hair color;
among the group with 10+ hours of exposure for tanning purposes who experienced sunburn, the
adjusted odds ratio (95% CI) for exposure was 7.35 (1.67-32.3), compared to no exposure.
Westerdahl et al. (1994) stratified on site of melanoma and adjusted for history of frequent
sunbathing as well as family history of melanoma, history of sunburn, hair color, and raised nevi;
among those with melanoma on the trunk, odds ratios (95% CI) for 1-3, 4-10, and >10 exposures
per year, compared to no exposure, were 1.1 (0.5-2.2), 1.3 (0.6-3.2), and 4.2 (1.6-11.0). There
was a significant trend with increasing number of exposures (p<0.04). These adjustments are
somewhat crude, and the studies are hampered by small numbers, so uncontrolled confounding
by exposure to solar radiation cannot be completely ruled out. Nevertheless, results from these
three studies suggest that exposure to sunlamps or sunbeds is an independent risk factor for
cutaneous malignant melanoma. Since UV radiation is presumably the relevant exposure
underlying both solar radiation and sunlamps or sunbeds, the two exposures may have an
additive effect on the risk of melanoma.

15



91

AN ewoydwA|
s ury3poy
-uou Ajuo ($£-07 28e)
Y)IM SISED JO “OU S350 £ Z-USWIOM
‘Ansigal
ul udWoMm LZT°611 (¥£-07 98¢e)
[A] uiuo jo pue usw £99°767 S3sED | QF-UAN
oudIYIp An1s18a1 190ueDd (§ 10j paAaLIal
X3S 10J UOSBDI UMOouyun (8zz-c0D) uonewWLIOsUI
961 UdWOM [A] sassepo [euonednaoso S12pUNOJu0d
YAN Te[os 0} ansodxa AN s1P3ya XIS PaIapIsuod UOHEBIIISSE[D 10j pajsnipe
210W dARY SIIYIOM Japunojuod (501 :SSBO [B100S (€ [euonednaso Ansigas 13oued ‘Ansiga1 190ued
J00pIno ‘suonednddo Yo -98) $6 ‘U uoydureyyinog paseq-uone[ndod paseq-uonendod
1[e uI sa[eWwdy 0} [Alxas(Z suonednoso oy Suisn £q pauyyap woyy suoijednadso Wwoyj sIajjom
pareduiod siayiom 100pino wwiou | (1D %S6) onel e (z SI9}I0M I0OPINO I[e JO siajiom J00pPIN0 )N
arewa) Suoure Jay3y MNq UGLOM 10} uonensigal [&] ur ewoydwA| ur ewoydwA)
(131 9661) ewoydwi] s unSpoH |  (%95) asearou [euoinodosd sdnoid a3e 14-3Ay uonednado L861-1861 s,uny3poy-uou | s urySpoy-uou jo
‘Te 39 uomaN -uou Jo aouapioul Jued1IudIs :xas pasnipe palapisuod :a8e (| Joopino (] | wotj pasaisigar 1ooued JO $3sed paIsigal Sased palaysigal Hoyod
SaruNod
I e ux ysu
S yim Ajunod 19A0D
senonred pnojo pue apmne; uo
e ut ewoyduwiA| elep pasn Jey) [apow
s, urySpoH oy YA Jejos oy
-uou Jo JO S[2A3] pajewnsa pup puviSuyg
ysi: Sulredwoo ut 2ousprouy
SI9punojuod A paueiqo yoea ut mEoMﬁ____“_M” M uuﬂ_uob._\.,emwu%w
10} Jusunisnfpe Kordwa 10§ OLEI SPPO h 1oy SIBM
1998 (500°0 = d SIOpUNOJU0D [A] wawAoy ' pue puejSug
uoneIper AN ejosyum | o, . 10§ Jusunsnfpe [eimnonge (g paisafpe-xas pue s3e JO sanunod
LET-TED VEL :
paterdosse Apuedyiudis al10Jaq 6S ut ewoydwAj
(9661) ewoydw4] s, ury3poy ‘paseasoul | (100°0>d ‘671 $861 018961 (ordures paysionm) | s urySpoy-uou jo |onuod
weyiuag -uou 0 30uApIdUL onel sppo YT LT [A] ssepo fetoos (1 VN woly paiasidal sased SI35UBD IO |jB $35B9 paldlsISal ased
. ; . 184 asuodsay
. . IN J0X] 70u/32Ino8
& o - : L 4194 pAfieyuo)) $HUIWAINSHIN 281 asnodsal 858D
auaLapY osuodsay sipunojiery 1D %s6) - SIIpUNOJu0) sapiodaey JUonBInp/3Ad) J0U/23an0s Snlqng
~350(] 10} UIPIAY Jepy onEy sppo ‘Jenuajog dnsodxsy saansodxy sSponuo) pasodxy udisag

swoydwA s, unySpoH-uoN pue aansodxy uoneipey A usamiag diysuoney a1 Jo salpn)S uBwINy ‘[-€ IqeL

spaqung Jo sdwejung o) aansodxy pue uoneipey Jejog JoJ JuswnIoQ punoidydeg L 661 suadourdte) uo proday JIN




L1

pauodar jou=yN ‘ajqedtjdde Jou=yN

THN Jo sojel
2ouspioul Jay3iy sAey
elensny YAN Y3y

0} sjueagiut ysnug (¢
(uowom

10 uaw 10§ 0'0>d)
ueipu] ‘Loely Youid
snui suonendod

[1e 10} THN pue

WA Jo asuapiout oy
uy saseasoul afejuaoiad
U99MI2q UOIIR[2LI0D
aanisod ajeIspow (7
(100'0>4d)

paulquod
suonendod

fle ut

uey) sueiseane)
o[ew Jo jasqns

®© 10J 193uons
sem THN pue
WA U2am1aq
uone[a.10d 3y (T
suonejndod

“THN pue

suonendod juerdiw

[e32A9s Ul WA Pue THN

30 2ouspiour ur sagueyd (¢
$8-0L61

Surnp sasusprout (W)
BwIoUR|aW JweUSIjEW pue
THN W sasearouy agejuastad

eifensny ui Ansi3az
paseq-uone[ndod
woly ejep

22u3pIoU} J9OURD (€
(rL-0¢

28e) sansi3a1 19oued
uonendod ppiom (g

yeonuds Kjeonsnels ueisesne)) ul JAA Ut spuan u22M13q UONEJAL03 (T apmne| JueUILIOp
UaUIOM JO USW 10J usuIoM JOU Ing awp usIMdg (aansodxa Aq payisse[o
JU2ID1IJ309 UoRjaLI0d | uaw 10j (50 0>d) SUOIIR[aLI0D HAN JO sajewnss o} ‘suonejndod
:20uapIdul THN pue Jueoyiusis 10y AJuo pazijeue PAHAUOD IpNIIIE]) SANUNOD ueiseone))
[2A3] YA u2que sem THN pue A1aeredas padojaAap ul [3A3] YAN ul saje duUIpIoul
(9661) s9in U33M13q UOYB[ILI0D A U2am3aq 9oe1 ‘2081 (T WIGUIB 0) SIIBJ F0UIPIOW ("THN) ewoydwiA|
pue [9RYdIAOIN aanisod ajerspow ([ | uonejawos ayy (| VN [A) xas (1 VN “THN Jo diysuonejas (] VN s,unydpoy-uou (1 | sanduosag
J|qeweA Juspuadap se
usw Iy 10J sajes ANfepow
2)e)s ‘aqeirea juapuadapur
se gA dyoads-arers yum
[3pow uoissaidal pany (¢
6861-0L61 samwl Ajjenow Ssjew
rwoydwA| Jo uoeLra anym 8861-8L61 (€
(100°0>d) ueoytugis o1ydes§oa3d g’} paurwexa (g uonejndod
Ajeonsness ua1d1ya00 0861-0561 sate1 Kjeuow AYM 6861-0L61 (T
uoneauod (¢ ewoydwA] Jo uoneLeA uonejndod
Justpes3 apnie a1ydes3033 g7 paulwexa (| anym 0861-0561 (1
JU2ISISUOD OU (T ewoydwiAj
( uaipels opmne| aje1s yoea ul joAd] (gAN) 9 s unj3poy-uou Joj
JLECR 1U31SISU0 ou (| auou VN [A] xas (1 VN | 1oj01aen)n 95esoae parewnsa VN sajel Apenow gy | aanduosaq
o L INaeg] : ; e e asuodsayy | L
) - e . 1> %se) | 2101 panonmoy | . fuamnseam asuodsay/ QU108 .
L asuodsoy . Shpunojug)y | onEy _sRpunojuc) uedne) JUOHEIND/1A "OU/AIIN0S S8 : Gahs
ERLERETENE =3850(] 40J UIPIAY 0193 sPPO openuageg ). aansodxy saansodxy sfonuo) /5192(qng pasodxy udisq

(panunuo)) ewoyduw£ry s, uny3poH-uoN pue dInsodxy uonvipey A Uaam)ag diysuonejay ay) Jo sapnis urwIny °[-¢ dqel

spaqung 1o sdurefung o3 aunsodx;g pue uonelpey Iejog 1oj Judsuindo( punosdydey L66] suddoupae)) uo yioday JIN'




81

Y861-6L61

adAigns 10 a)1s £q YSLI Ul UOTJBLIEA ON pue[300g

(1°6 ¥O) Alsnotaaid s1eak < asn 10§ YsU Iajeain) 8/1¢ (8861)

(8¢ HO) 0 93e 210§2q asn 1S11J 10§ YSHI 13JLAID) c0'0>d qro-¢ N6t paquns 1o durejung 0Z1/081 J& 19 MOJpIOMS

9861-+861

o S/L A1 "N

P319pISU0d JON e(0T-7'0) 60 durejung 91%/80Z | (8861) ‘I8 10 WoUERZ

$861-T861

Ylewua(q

47434 (s861)

pasn sawi] JO IaqUInuU Yjim UOHRIJ0SSE ON PaI1apISu0d I0N uoneroosse oON paquns Jo durejung 9CZ6/vLY ‘e 19 puljIaIsyy

r4viy! y861-1861

olpnis pue[Sug

y ¢z aansodxa aSesoay |  palapisuod JoN uoneioosse oN | Sutuue) Jo durejung £8/c8 | (9861) ‘T 12 poom[q

7861-0861

Bl[eOSNY "M

[[e13A0 6 (9861)

P319pIsu0d 10N (8'1-9°0) I'I durejung 11§/11§ ‘[e 39 uew[OH

1861-6L61

J[qejieAe EPEUED "M

asn JO I)IS YIIM UO[IBIO0SSE ON jou pasodxa Juadiog (9861)

USWOM JO USW Ul UOHIBIJOSSE ON |  Palapisuod JON UOIIRIDOSSE ON ‘durejung $65/56S Te 32 19y3e[en
(jon3u0)/s€)) PNy

(uoneang) pasodxg judaaiag | sjonyue)) /sase) $)93[qng saga X

sjudmmo)) asuodsanyg-9soq | as() JaAH J0J YSIY ‘aansodxy Jo Jaquny ‘uopB0]
‘QUAIIY

spaqung pue sdweung Jo 3s)) PIM (JAIIAD) BWOUR[IA] JUBUSI[RIA] SNOIUEIN)) JO UOHBIIOSSY “T-€ AqeL

spaqung 10 sdwigjung o) ainsodxy pue uoneIpeYy J8[0S J10j JuUdWINIO punoidydeyg Le6l suadourdae) uo jrodoy JIN




61

Suryiequns Jowwns Juanbay Jo Li01siy ‘winquns Jo 10381y ‘13U pastes ‘FuLiojod Joj pasnlpy P
su0s21 Aeprjoy Kuuns uy 1eaA 1ad sy2am ‘SuLI0[0d ‘Xas ‘aFe Joj paisnipy 5
Ao pue ‘xas ‘a8e 10§ paisnipy q
winquns pooypyiyo ‘Sut10]0d ‘uoiteonps ‘age 10§ parsnipy

SOIIWISIIXA 1O Peay Uey) Juny Ioj sl 19)ealn

0661-8861 ‘UPamMS

20°0> osuodsal $Z/0€ (P661)
-0s0p 10§ d 1(8'6-L°0) L'T = YO ‘0£> S[ENpIAIpUI Jo4 90°0>d s8'1-60) €1 | paquns 10 durejung 0v9/00% | '[2 1 [YBpIaIsom
ETE-LY1) SE'L =0 ‘sesodind Suruue) 1oy
amsodxa ‘wnquns Jo aouaLIadxs ‘aumnsodxa 4 +( | 104 +1661
SLES Aueuwan
-$8°0) TI'C =0 ‘sasodind Suruue; Joy amnsodxa LZ7/9C ‘sauel] ‘wm3eg
‘0861 21032q aInsodxa 1511y ‘aInsodxa § +([ 10 | PSISPISUOd JON (Z€1-1L°0) L6'0 | Ppa2quns 1o dwejung Lyv/oze | (b661) ‘T 19 J2uny
Asnoraaid s1eak ¢z asn jsej I0J ySUI 19)eaIn)
0¢ 98e 210J2q asn ISIIJ JOJ SII J3JBAIN
asn AWoY J0J YSHI J9JBaID)
JWHHAINT 10§ JsH 19)ea1D (€1'C-66°0)
SahjtuIanxo 1M 17/8T M 9861-v861
10 juny uey) sulie/qoau/peay/adey 10J jSH 12183l 10°0>d : M (86'C-07°1) vIvT W ouBuQ
asn Jo junoue Ioj ssuodsal-aso(] 10°0>d N 881 I | paquns 1o dwejung 809/c8S | (0661) 'Ie 12 1BIERM
(fonuo)yase)) PNy
(uoneanq) pasodxy] I | S[o4puo)) /53IS8D) spalqng savax
SjuIWWo)) asuodsay-aso(g | asy) 19A7 10J YSRY ‘dansodxy Jo raquinN ‘uoned’ory
‘AUIIIIY

(panupuo))) spaqung pue sdwejung Jo asp) YIm (JAIAD) CWOUR[IJA] JUBUSIRIA SN0OJUE)IN)) JO UOIIEINOSSY °T-€ JqeL

spaqung o sdwejung 03 ainsodxy pue uoyeipey i80S 10j JUdWNIoQ punoidyareyq /661 suadouidae) uo podoy 4N



NTP Report on Carcinogens 1997 Background Document for Solar Radiation and Exposure to Sunlamps or Sunbeds

4.0 EXPERIMENTAL CARCINOGENESIS

This background document primarily focuses on human carcinogenesis. Therefore,
experimental animal carcinogenesis studies were not included. Evidence for experimental
carcinogenesis induced by UVR is covered in the IARC monograph (1992, pp. 139-161; see
Appendix A).

5.0 GENOTOXICITY

Evidence for the genetic toxicity of solar and nonsolar UVR (UVA, UVB, and UVC) in
prokaryotes, lower eukaryotes, mammalian systems in vitro and in vivo, and in humans has been
thoroughly covered in the IARC Monograph, Volume 55 (1992, pp. 194-215; see Appendix A).

6.0 OTHER RELEVANT DATA

6.1 Absorption

Ultraviolet radiation (UVR) is absorbed by the skin and eyes in a wavelength-dependent
manner. A tissue chromophore must absorb radiation in order to express photochemical or
photobiological effects (IARC, 1992).

6.1.1 Epidermal Chromophores (IARC, 1992, pp. 165-166)

Urocanic acid (A, 277 nm at pH 4.5), DNA (A, 260 nm at pH 4.5), tryptophan (A,,,
280 nm at pH 7), tyrosine (A, 275 nm at pH 7), and melanins are the main chromophores in the
epidermis (Morrison, 1985; cited by IARC, 1992). The epidermis can be divided into two parts;
the inner part composed of living cells in the process of differentiation and an outer part, called
the stratum corneum, in which the cells are fully differentiated and dead (IARC, 1992). Two
isomers of urocanic acid exist in the epidermis, mainly in the stratum corneum. Exposure to
UVR converts the trans-isomer of urocanic acid to the cis-isomer (Morrison, 1985; cited by
IARC, 1992). Tryptophan and tyrosine in proteins absorb UVR throughout the epidermis.
Melanocytes produce melanins, which absorb broadly over the UV spectrum (IARC, 1992, pp.
165-166).

6.1.2 Human Epidermal and Dermal Damage
A study on the cumulative damage in human skin caused by UVA wavelengths found

that chronic damage has different spectral dependence, the dermal damage from UVA has a
broad action spectrum, and the action spectrum is different from the acute erythema spectrum.
Indices of cumulative photoperturbation were measurements of epidermal changes (stratum
corneum thickening, viable epidermal thickening sunburn cell production) and dermal alteration
(lysozyme deposition, inflammation). All UVA bands induced the dermal markers, but
wavelengths > 400 nm caused no cutaneous alterations. UV A wavelengths between 320 and 345
nm were more effective than longer wavelengths in producing viable epidermal thickening
(Lavker and Kaidbey, 1997).
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6.1.3 Ocular Damage

Transmission of UVR in the cornea was maximal at 380 nm (80%); in the aqueous
humor, 400 nm (90%); in the lens, 320 nm; and in the vitreous humor, 350 nm (80%) (Boettner
and Wolter, 1962; cited by IARC, 1992, p. 166). Increasing age leads to decreasing transmission
through the lens of UVR at 300-400 nm (Lerman, 1988; cited by IARC, 1992 p. 166).

6.2 Immunosuppression

The cutaneous immune system is altered by acute, low-dose exposure to UVB radiation
in at least two ways: contact hypersensitivity is impaired and antigen-specific tolerance is
induced (Streilein et al., 1994a).

6.2.1 Contact Hypersensitivity Impairment

UV-irradiated skin was treated with a contact sensitizer that should have induced a
contact hypersensitivity (CH) response but did not (Toews et al., 1980; cited by Kripke, 1991).
Human subjects were dosed with a topical application of dinitrochlorobenzene (DNCB) and 4
daily exposures to UVB radiation. Thirty days later another application of DCNB at a different
site on the body yielded no response in 40% of the subjects, while 60% had typical CH responses
(Rae et al., 1989; Yoshikawa et al., 1990; both cited by Streilein et al., 1994a). In mice a similar
effect was seen when one population of mice lost CH responsiveness upon exposure to UVB and
another population’s CH response was resistant to UVB (Streilein and Bergstresser, 1988;
Yoshikawa and Streilein, 1990; cited by Streilein et al., 1994b), supporting the belief that UVR
studies in mice can be relevant in humans. IARC (1992) reviews contact hypersensitivity
impairment on pp. 175-176 of the monograph.

6.2.2 Antigen-Specific Tolerance

UV-induced tumors are rejected upon transplantation into normal syngeneic hosts
because they are highly antigenic, but they grow well in recipients with a suppressed immune
system (Kripke, 1974; cited by IARC, 1992). Cytolytic T lymphocytes mediate immunologic
rejection of these tumors with the assistance of natural killer and cytotoxic T cells (Fortner and
Kripke, 1977; Fortner and Lill, 1985; Streeter and Fortner, 1988a, b; all cited by IARC, 1992).
Exposure to UVR induces T-suppressor lymphocytes, which block the normal immunological
surveillance system, allowing the antigenic UV-induced tumors to grow (Fisher and Kripke,
1977; Spellman et al., 1977; Fisher and Kripke, 1978; Spellman and Daynes, 1978; all cited by
IARC, 1992). Exposure to UVC (from low-pressure mercury discharge lamps) (Lill, 1983; cited
by IARC, 1992), UVB (De Fabo and Kripke, 1980; cited by IARC, 1992), large doses of UVA
(Morison, 1986; cited by IARC, 1992), and sunlight (Morison and Kelley, 1985; cited by IARC,
1992) can induce suppressor cells. Long before the de-novo appearance of tumors, UVR
exposure creates susceptibility to transplanted tumors (Fisher and Kripke, 1977; cited by IARC,
1992). IARC (1992) reviews antigen-specific tolerance on p. 180 of the monograph.

6.3 DNA Effects

Exposure of DNA to UVR leads to formation of many types of DNA photoproducts.
Changes in wavelength alter the ratios of the products formed (IARC, 1992). A more detailed
description of the photoproducts described in this subsection is provided by IARC (1992, pp-
185-189).

21



NTP Report on Carcinogens 1997 Background Document for Solar Radiation and Exposure to Sunlamps or Sunbeds

6.3.1 Pyrimidine Dimers

Thymine compounds dimerize in response to UVC via a cyclobutane ring involving
carbons 5 and 6, which causes a loss of UV absorption (Beukers et al., 1958; Beukers and
Berends, 1960; Wulff and Fraenkel, 1961; all cited by IARC, 1992). A wavelength-dependent
equilibrium results from continued irradiation, with dimerization favored at wavelengths greater
than 260 nm, when the ratio of dimer to monomer absorbance is small, while monomerization is
favored when the ratio is larger (around 240 nm) (Johns et al., 1962; cited by IARC, 1992).
Irradiated Escherichia coli DNA forms cytosine-thymine (cyt-thy), thymine-thymine (thy-thy),
and cytosine-cytosine (cyt-cyt) cyclobutane-type dimers (Setlow and Carrier, 1966; cited by
IARC, 1992). Under physiological conditions that produce uracil residues, cytosine moieties in
dimers are deaminated and the rate could be more significant than previously believed (Fix,
1986; Tessman and Kennedy, 1991; both cited by IARC, 1992). Cyclobutane dimers can also be
formed by exposure to UVB radiation by a mechanism that likely involves direct absorption
(Ellison and Childs, 1981; cited by IARC, 1992). The excision repair mechanism, which is
deficient in cells from most patients with xeroderma pigmentosum, removes cyclobutane-type
dimers from DNA (Friedburg, 1984; Cleaver and Kraemer, 1989; both cited by IARC, 1992).
Pyrimidine dimers are monomerized in situ by a photolyase in a specific photoreactivation
(IARC, 1992). The IARC monograph reviews pyrimidine dimers on pp. 185-186.

6.3.2 Pyrimidine-Pyrimidone (6-4) Photoproducts

Acid hydrolyzates of DNA that was exposed to UVR contained the compound 6-4'-
[pyrimidin-2'-one]thymine (thy(6-4)pyo) (Varghese and Wang, 1967; Wang and Varghese, 1967,
both cited by IARC, 1992 pp. 186-187)). Products such as this, designated as (6-4)
photoproducts, occurred at roughly the same frequency as cyclobutane dimers (Kraemer et al.,
1988; cited by IARC, 1992).

6.3.3 Thymine glycols

After alkaline-acid degradation of human DNA from UV-irradiated cells, 5,6-
dihydroxydihydrothymine type-lesions (thymine glycols) have been detected (Hariharan and
Cerutti, 1976, 1977, cited by IARC, 1992). This class of UV photoproducts, thought to arise
indirectly via the action of hydroxyl radicals, is structurally similar to a class of ionizing
radiation products that is formed in this manner (IARC, 1992). Exposures in the UVB range of
radiation increase the yield of thymine glycols relative to that of other UV-induced damage
(Cerutti and Netrawali, 1979; cited by IARC, 1992). The lesions can be repaired by a
glycosylase isolated from human cells (Higgins et al., 1987; cited by IARC, 1992). Thymine
glycols are discussed by IARC (1992) on p. 187 of the monograph.

6.3.4 Cytosine Damage

Incision of cytosine photoproducts by human endonucleases was reported by Gallagher et
al. (1989; cited by IARC, 1992, p. 188). The observed photoproducts were neither cyclobutane-
type pyrimidine dimers nor (6-4) photoproducts, and they occurred with a frequency two orders
of magnitude below that of pyrimidine dimers. Ultraviolet radiation (UVR) at 270 to 295 nm
was optimal for induction of these lesions.

22



NTP Report on Carcinogens 1997 Background Document for Solar Radiation and Exposure to Sunlamps or Sunbeds

6.3.5 Purine Damage

Broad spectrum UV irradiation yields incision by endonuclease V at unidentified purine
or purine-pyrimidine moieties (Gallagher and Duker, 1986; cited by IARC, 1992, p. 188) with a
maximal induction at 260-300 nm (Gallagher and Duker, 1989; cited by IARC, 1992, p.188).

6.3.6 DNA Strand Breaks

Of all photoproducts induced by UVC radiation, those from single-strand breaks occur at
the lowest proportion; however, strand breaks become more important at wavelengths of 290-400
nm (IARC, 1992). One strand break occurred at 313 nm for every 44 pyrimidine dimers in E.
coli (Miguel and Tyrrell, 1983; cited by IARC, 1992), but at 365 nm only two pyrimidine dimers
formed for each strand break (Tyrrell et al., 1974; cited by IARC, 1992). Both prokaryotes and
eukaryotes can rapidly repair strand breaks (Tyrrell et al., 1974; cited by IARC, 1992). IARC
(1992) discusses UVR-induced DNA strand breaks on pp. 188-189 of the monograph.

6.3.7 DNA-Protein Cross-Links

Eleven amino acids can be photochemically added to uracil with cysteine being the most
reactive. Several cysteine-containing heteroproducts have been isolated and characterized
(IARC, 1992 p. 189). Evidence suggests that wavelengths longer than 345 nm produce
significant yields of DNA-protein cross-links in mammalian cells (Bradley et al., 1979; Peak and
Peak, 1991; both cited by IARC, 1992).

6.3.8 Lethal Effects on Repair-Defective Bacteria
A comparative test of fluorescent lamps found that various lamps had lethal effects on

repair-defective bacteria. DNA repair-defective Salmonella bacteria were killed by all lamps
with relatively high UVB+UVC illuminance (> 0.5% UVB+UVC). Another repair-deficient
bacterial species (an E. coli triple mutant) was killed by all lamps tested, even those that did not
kill Salmonella, and single-hit exponential inactivation rates correlated to directly measured
UVB+UVC output (Hartman and Biggley, 1996).

6.3.9 DNA Damage and Repair

A molecular epidemiology study reported that repair of UVR-induced DNA damage is
reduced in basal cell carcinoma (BCC) cases relative to cancer-free controls (Grossman and Wei,
1995; Wei et al., 1995). Lymphocytes from BCC patients (n = 88) and controls (n = 135) were
tested in a host cell reactivation assay that measured reporter gene expression in cells transfected
with a recombinant DNA plasmid vector (pCMVcat) pre-exposed to UVR. The reporter gene
was the enzyme chloramphenicol acetyltransferase (CAT) contained within the plasmid; repair of
damaged genes was dependent on host cell DNA repair capacity. The host (human) cell DNA
repair capacity was reflected by CAT activity in lymphocytes transfected with plasmids pre-
exposed to one dose of nonsolar UVR (700 J/m?) compared to reporter gene activity from
plasmids unexposed to UVR. The results showed a statistically significant decrease (8.1%;
p<0.05) in CAT activity (DNA repair capacity) between the BCC group and a control group
(Grossman and Wei, 1995). A significantly increased risk of BCC was also observed among
cases with low DNA repair capacity, when low capacity was defined as less than the median
capacity of controls.
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A similar study (Hall et al., 1994) found no statistically significant difference between
DNA repair activity in lymphocytes from nonmelanocytic skin cancer cases and controls.
Lymphocytes from cases (n = 86) and controls (n = 87) were cultured and transfected as
described above, though samples were not immediately processed because of shipment delay.

A recent review of UV mechanisms of carcinogenicity concludes that UV-induced DNA
photoproducts produce a variety of cellular responses that contribute to skin cancer (Yarosh and
Kripke, 1996). Unrepaired DNA photoproducts cause the release of cytokines that contribute to
tumor promotion, tumor progression, immunosuppression, and the induction of latent viruses.
DNA repair enzymes are an important gene protection mechanism because they can reverse
DNA photoproducts and block the carcinogenic responses triggered by cytokines.

7.0 MECHANISMS OF CARCINOGENESIS

7.1 Immunosuppression

trans-Urocanic acid is converted by UVB radiation to cis-urocanic acid, which has been
reported to be immunosuppressive (Streilein, 1993; cited by Streilein et al., 1994b). cis-Urocanic
acid causes a local accumulation and production of tumor necrosis factor-alpha (TNFa.) (Streilein
et al., 1994b), which seems to prevent induction of contact hypersensitivity (CH) by temporarily
immobilizing factors within the skin (Streilein, 1993; cited by Streilein et al., 1994b). Cell
markers for Langerhans cells disappear following exposure of the skin to UVR (Aberer et al.,
1981; Hanau et al., 1985; both cited by Baadsgaard, 1991) and the antigen-presenting function of
Langerhans cells is abrogated (Sting] et al., 1981; Gurish et al., 1983; Czernielewski et al., 1984;
Sauder et al., 1983; all cited by Baadsgaard, 1991). When UV-irradiated epidermis, which is
depleted of Langerhans cells, presents antigen, suppressor T-cell activation and tolerance to
antigen result (Green et al., 1979; Toews et al., 1980; Sauder et al., 1981; all cited by
Baadsgaard, 1991). The growth of immunogenic neoplasms induced by UVR in murine models
requires the suppression of the immune system seen following exposure to UVR (Baadsgaard,
1991). A role for immunosuppression in carcinogenesis is supported by the fact that squamous
cell carcinomas, basal cell carcinomas, and lentigo maligna melanomas all occur at higher
incidences in immunosuppressed patients (Newell et al., 1988; Kinlen et al., 1979; Gupta et al.,
1986; Hoxtell et al., 1977; Greene et al., 1981; all cited by Grabbe and Granstein, 1994) and
these tumors generally occur in UV-exposed areas (Newell et al., 1988: Schmieder et al., 1992;
both cited by Grabbe and Granstein, 1994).

UVBR-induced immunosuppression, following suppression of the expression of the
adhesion molecule ICAM-1, was associated with the formation of a significant number of
cyclobutane-type pyrimidine dimers. This immunosuppression was blocked by treatment with
photolyase, which removed the dimers (Stege et al., 1996; cited by Krutmann et al., 1996). DNA
repair mechanisms then play a role in determining the susceptibility of a human cell to UV-
induced immunosuppression (Krutmann et al., 1996).

7.2 Mutations

Section 6.3 discussed the various effects of UV light on DNA. The different
photoproducts formed have varying mutagenic potentials. Cyclobutane thy-thy dimers, the
major UV photoproducts, are only weakly mutagenic (Banerjee et al., 1988, 1990; cited by
IARC, 1992), while the relatively minor (6-4) thymine-thymine photoproduct is highly
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mutagenic, though less common (LeClerc et al., 1991; cited by IARC, 1992, p. 201). UV-
induced cyclobutane dimer formation is directly involved in UV carcinogenesis. Such dimers
prevent gene transcription. Malignant transformation of the cell may result when the affected
gene is a growth regulating gene such as an oncogene or tumor suppressor gene. DNA repair
mechanisms include excision repair and photoreactivation. In the latter, the photoreactivating
enzyme repairs UVR-induced cyclobutane dimers. The enzyme is activated by long-wave UVA
and visible irradiation. Thus, photoreactivation repairing cyclobutane dimers, effectively reduces
the incidence of UV-induced tumors in the South American opossum Monodelphis domestica
(Ley et al., 1991; cited by Grabbe and Granstein, 1994).

The mutagenicity also varies with the type of UVR. Peak et al. (1987; cited by Robert et
al., 1996) found that the frequency of single-strand breaks per genome per lethal event was
higher upon exposure of a human teratoma cell line to UVA than UVB and/or UVC radiation.
This is consistent with the finding that UVA induces a greater proportion of rearrangements than
UVB, 39% and 24%, respectively, possibly due to repair of single-strand breaks (Robert et al.,
1996).

7.3 p53 Tumor Suppressor

Mutations in the tumor suppressor p53 gene have been found in human squamous cell
carcinoma (SCC), basal cell carcinoma (BCC), and actinic keratosis (AK) (Ziegler et al., 1993,
1994; Nelson et al., 1994; Kanjilal and Ananthaswamy, 1994; Kanjilal et al., 1995; Nataraj et al.,
1995; all cited by Ananthaswamy and Kanjilal, 1996). Mutations associated with dipyrimidinic
sites correspond to the UVB-induced DNA lesions cyclobutane pyrimidine dimers and (6-4)
photoproducts and have been found in the p53 gene in human skin cancer, indicating that UVR is
causing the skin cancer (Brash et al., 1991; cited by de Gruijl, 1996).

Mutations in p53 can be identified in the fourth week of chronic irradiation
(Ananthaswamy et al., 1997). This fact combined with the identification of p53 mutations in
sun-damaged skin and pre-malignant AK (Ananthaswamy and Kanjilal, 1996) suggest that p53 is
mutated early in carcinogenesis. However, an analysis of fifty malignant melanomas led
Hartmann et al. (1996) to the conclusion that mutations in p53 probably do not play a major role
in SCC or BCC. Another study by Matsumura et al. (1996) found p53 mutations in BCC in areas
of the body not exposed to much sunlight, leading to the authors’ conclusion that additional
factors other than UVR cause BCC in non-sun-exposed areas.

7.4 DNA Repair

Application of liposomes containing endonuclease V, an enzyme that repairs cyclobutane
pyrimidine dimers, following UV irradiation, decreased the incidence of SCC in mice,
demonstrating that unrepaired dimers are a direct cause of cancer in mouse skin (Yarosh et al.,
1992). The dimers are repaired by nucleotide excision repair, which has been found in human
cells (Regan et al., 1968; cited by Sutherland, 1996), and photorepair by photolyase or
photoreactivating enzyme using visible or near-UV light as an energy source. Photorepair of
cyclobutane pyrimidine dimers has been measured in situ in human skin (Sutherland et al., 1980;
D’Ambrosio et al., 1981, 1983; all cited by Sutherland, 1996). Unrepaired DNA photoproducts
from UV exposure cause the release of cytokines that contribute to tumor development and DNA
repair enzymes can reverse this process (Yarosh and Kripke, 1996).
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7.5 Signaling Molecules

Transcription of Ha-Ras, Raf-1, and MAP-2 genes is induced by exposure of HeLa cells
to UVR. Ultraviolet radiation also activates Src tyrosine kinase, potentiates the activity of c-Jun
by increasing its degree of phosphorylation (Devary et al., 1993; Radler-Pohl et al., 1993; both
cited by Grabbe and Granstein, 1994), and induces c-Fos (Shah et al., 1993; cited by Grabbe and
Granstein, 1994).

7.6 Other Mechanisms

Exposure of human skin to a combination of UVA and UVB radiation increases the
amount of ascorbate free radical (Asc-") fourfold, while exposure to visible light causes a twofold
increase (Jurkiewicz and Buettner, 1996). UVB radiation activates nuclear factor B (NF-kB) in
human epidermoid carcinoma cells and cytosolic extracts free of nuclei; however, scavenging of
free radicals decreased this activation (Simon et al., 1994; cited by Pentland, 1996). Protein
kinase C (PKC) mediates the activity of 12-O-tetradecanoylphorbol-13-acetate (TPA) as a tumor
promoter. Exposure to UVB has been shown to produce similar cellular effects and to increase
levels of PKC at the membrane and in the cytosol (Matsui et al., 1996). Glutathione S-
transferase activity, which may play a role in protecting skin from UVR, is decreased in skin
tissue following chronic exposure to UVB (Seo et al., 1996). None of the investigators were able
to define the relationship between any of these effects and carcinogenesis.
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1. Exposure Data

1.1 Nomenclature

1.1.1 Optical radiation

Optical radiation is radiant energy within a broad region of the electromagnetic
spectrum that includes ultraviolet (UV), visible (light) and infrared radiation. Ultraviolet
radiation (UVR) is characterized by wavelengths between 10 and 400 nm—bordered on the
one side by x rays and on the other by visible light (Fig. 1). Solar radiation is largely optical
radiation, although ionizing radiation (i.e., cosmic rays, gamma rays and x rays, which have
wavelengths less than approximately 10 nm) and radio-frequency radiation (i.e., wavelengths
greater than 1 mm: microwaves and longer radio waves) are also present in the spectrum.

The optical radiation spectrum is generally considered to fall between 10 nm and 1 mm,
and several different conventions have been developed to describe different bands within
this spectrum. It is important to recognize that no single convention is uniquely ‘correct’ but
that each may be useful for a particular branch of science and technology. For example, in
optics, it is convenient to separate the spectrum into different bands on the basis of the
transmission and absorption properties of optical materials (e.g., glass and quartz). In one
optical convention, shown in Figure 1, UVR is divided into vacuum UV, extending from 10 to
180 nm; middle UV, from 180 nm to 300 nm; and near UV, from 300 nm to 380 or 400 nm.
Meteorological scientists typically define optical spectral regions on the basis of atmospheric
windows. Some spectral designations are based on uses, €.g., ‘germicidal’ and ‘black-light’
regions.

For the purposes of this monograph, the photobiological designations of the Com-
mission Internationale de I’Eclairage (CIE, International Commission on Illumination) are
the most relevant and are used throughout to define the approximate spectral regions in
which certain biological absorption properties and biological interaction mechanisms may
dominate (Commission Internationale de I’Eclairage, 1987). The CIE bands are: UVC
(100-280 nm), UVB (280-315 nm) and UVA (3 15-400 nm). Visible light is the region
between 400 nm and 780 nm.

It is important to recognize that these spectral band designations are merely short-hand
notations and cannot be considered to designate fine dividing lines below which an effect is
present and above which it does not occur. The reader should also be alerted to the fact that
the CIE nomenclature is not always followed rigorously and that some authors introduce
slight variations; for example, distinguishing between UVB and UVA at 320 rather than
315 nm (frequently used in the USA) and definingUVCas 200-280 nm (Moseley, 1988). The
German Industrial Standard (DIN 5031) defines UVA as radiation between 315 and 380 nm
(Mutzhas, 1986).
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Figure 1. Electromagnetic spectrum with enlargement of ultraviolet (UV) region
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From the viewpoint of photochemistry and photobiology, interactions of optical
radiation with matter are considered to occur when one photon interacts with one molecule
to produce a photochemically altered molecule or two dissociated molecules (Phillips, 1983;
Smith, 1989). In any photochemical interaction, the energy of the individual photon is
important, since this must be sufficient to alter a molecular bond. The photon energy is
generally expressed in terms of electron volts (eV). A wavelength of 10 nm corresponds to a
photon energy of 124 eV, and 400 nm to an energy of 3.1 eV (WHO, 1979). The number of
altered molecules produced relative to the number of absorbed photons is referred to as the
‘quantum yield’ (Phillips, 1983). The efficacy of photochemical interaction per incident
quantum and the photobiological effects per unit radiant exposure typically vary widely with
wavelength. A quantitative plot of such spectral variation, usually normalized to unity at the
most effective wavelength, is referred to as an ‘action spectrum’ (Jagger, 1985).
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1.1.2 Quantities and units

Two systems of quantities and units are used to describe the characteristics of light and
light sources: the radiometric and the photometric systems. Radiometry can be applied to all
optical sources and to all exposures to optical radiation (including solar radiation and UVR).
Photometry can be used only to describe visible light sources, and photometric quantities are
used in illumination engineering. The basic photometric unit is the lumen, which is defined in
terms of the spectral response of the human eye (specifically, the spectral response of the CIE
‘standard observer’), i.e., the action spectrum of vision, which is initially a photochemical
process. It isimportant to recognize that radiometric quantities and units are absolute, while
photometric quantities and units are related to standardized human perception; the
relationship between the two sets of units varies significantly with the spectrum of radiation.
The effects of optical radiation (including light), other than vision, must therefore be
measured and quantified in terms of radiometric units and spectral characteristics rather
than photometric units. This is particularly important in relation to the photobiological
effects of UVR. Most lamps used for illumination are rated by manufacturers only in
photometric terms (e.g., lumen output) and not in terms of UVR emission (Phillips, 1983).

The most important radiometric quantities and units commonly used to describe optical
radiation are given in Table 1. Certain terms are used primarily to describe source charac-
teristics, e.g., radiance, radiant intensity; whereas other terms are generally used to describe
exposure (irradiance, radiant exposure). The term ‘spectral’ placed before any of the quan-
tities implies restriction to a unit wavelength band, e.g., spectral irradiance (watts per square
metre per nanometre) (Moseley, 1988). For a more detailed discussion of these parameters,
see various standard textbooks on radiometry, such as Boyd (1983).

The quantities of radiometry are expressed in terms of absolute energy (Jagger, 1985).
Radiant intensity is the power emitted per unit solid angle of a source. Radiance is the radiant
intensity per unit area of source. Thus, a fluorescent lamp does not have very high radiance in
comparison to the filament of a flashlight bulb, even though it has a high radiant power
output. The radiometric term expressed in units of watts per square metre (dose rate) is
irradiance, which is also the power striking a unit area of surface.

The energy of UVR falling on a unit surface area of an object was defined in 1954 by the
First International Congress of Photobiology as the ‘dose’: it has also been referred to as
‘exposure dose’. The equivalent radiometric quantity is radiant exposure, expressed in joules
per square centimetre or per square metre. Radiant exposure has been referred to as ‘energy
fluence’ in some texts; however, fluence is a radiometric quantity, with the same units as
radiant exposure, but referring to energy arriving at a plane of unit area from all directions,
including backscatter. Thus, fluence is quite correctly of value in describing an exposure dose
at a depth inside tissue; it has, however, seldom been calculated in photobiological studies of
the effects of UVR, in which the radiant exposure incident upon the skin is normally
measured. Radiant exposure is the amount of energy crossing a unit area of space normal to
the direction of propagation of a beam of UVR. If the radiant energy arrives from many
directions, as from the sky, then the fluence at one point is the sum of all the component
fluences entering a unit sphere of space. The energy fluence rate is the power that crosses a
unit area normal to the direction of propagation, or the energy per unit area per unit time
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Table 1. Some basic terminology used to quantify optical radiation

Term International ~ Definition SI unit Synonyms and comments
symbol
Wavelength A nm Nanometre = 10~9 m (also called
- millimicron, mp)
Radiant energy Q. % (Pe X dt) J Joule; 1 joule = 1 watt X second;

total energy contained in a radiation
field or total energy delivered to a
given receiver by such a radiation

field

Radiant flux P, dQ./dt A Watt; rate of delivery of radiant
energy (‘radiant power’); also
expressed as ¢

Irradiance E. dPe/dA W/m? Radiant flux arriving over a given

area (‘fluence rate’, ‘dose rate’,
‘intensity’, ‘radiant incidence’). In
photobiology, has also been
expressed in W/cm2, mW/cm? and
pW/cm?

Radiant intensity I dPe/d0) W/st Watt/steradian; radiant flux emitted
by source into a given solid angle
(solid angle expressed in steradians)

Radiance I, dP./dA X dQ W/m2 x sr Watt/m? x steradian; radiant flux
per unit solid angle per unit area
emitted by an extended source

Radiant exposure H, Ee Xt J/m? Radiant energy delivered to a given
area (‘fluence’, ‘exposure dose’,
‘dose’); t = time in seconds. Has
also been expressed as J/cm?,
mJ/cm? and pJ/cm?

Adapted from WHO (1979), Boyd (1983), Jagger (1985), Hoffman (1987) and Weast (1989)

(J/m?/s or W/m?). The terms dose (J/m?) and dose rate (W/m?) pertain to the energy and
power, respectively, striking a unit surface area of an irradiated object (Jagger, 1985).

In terms of visible light perceived by humans, the photometric analogue of the radiance
of a source is luminance (brightness), and irradiance is illuminance (measured in ‘lux’ or
lumen per square metre). In photometry, the lumen is the unit of luminous power (Jagger,
1985).

1.1.3 Units of biologically effective ultraviolet radiation

In addition to general radiometric quantities, specialized quantities of effective irra-
diance relative to a specified photochemical action spectrum are used in photochemistry and
photobiology. Effective radiant exposures to produce erythema (Jagger, 1985) or photo-
keratitis are examples. Effective irradiance or radiant exposure is not limited to photo-
biology, and a similar approach has been used to quantify the photocuring of inks, in photo-
polymerization (Phillips, 1983) and in assessing the hazards of UVR. In order to weight a
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source spectrally, the general formula involves an action spectrum and a spectral radiometric
quantity. The effective irradiance of a given photobiological process is defined as:

A2

ZE,1 X S; X A

A
expressed in W/m?, where E, is the spectral irradiance (W/m? x nm) at wavelength A (nm)
and A, is the wavelength interval (\; —)2) used in the summation (in nm). S is a measure of
the effectiveness of radiation of wavelength \ (nm), relative to some reference wavelength, in
producing a particular biological end-point. As it is a ratio, S) has no units (American
Conference of Governmental Industrial Hygienists, 1991).

Effective irradiance is equivalent to a hypothetical irradiance of monochromatic radia-
tion with a wavelength at which Sy is equal to unity. The time integral of effective irradiance is
the effective radiant exposure (also called the ‘effective dose’).

A unit of effective dose commonly used in cutaneous photobiology is the ‘minimal
erythema dose’ (MED). One MED has been defined as the lowest radiant exposure to UVR
that is sufficient to produce erythema with sharp margins 24 h after exposure (Morison,
1983a). Another end-point often used in cutaneous photobiology is a just-perceptible
reddening of exposed skin; the dose of UVR necessary to produce this ‘minimal perceptible
erythema’ is sometimes also referred to as an MED. In unacclimatized, white-skinned
populations, there is an approximately four-fold range in the MED of exposure to UVB
radiation (Diffey & Farr, 1989). When the term MED is used as a unit of exposure dose,
however, a representative value is chosen for sun-sensitive individuals. If, in the above
expression for effective irradiance, Sy is chosen as the reference action spectrum for
erythema (McKinlay & Diffey, 1987) and a value of 200 J /m? at wavelengths for which S is
equal to unity is assumed for the MED, the dose (expressed in MED) received after an
exposure period of ¢ seconds is

t x X E; xS, x A/200.

Notwithstanding the difficulties of interpreting accurately the magnitude of such an
imprecise unit as the MED, it has the advantage over radiometric units of being related to the
biological consequences of the exposure.

1.2 Methods for measuring ultraviolet radiation

UVR can be measured by chemical or physical detectors, often in conjunction with a
monochromator or band-pass filter for wavelength selection. Physical detectors include
radiometric devices, which depend for their response on the heating effect of the radiation,
and photoelectric devices, in which incident photons are detected by a quantum effect such as
the production of electrons. Chemical detectors include photographic emulsions,
actinometric solutions and UV-sensitive plastic films.

1.2.1 Spectroradiometry

The fundamental way of characterizing a source of UVR is on the basis of its spectral
power distribution in a graph (or table) which indicates the radiated power as a function of
wavelength. The data are obtained by a technique known as spectroradiometry. Spectral
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measurements are often not required as ends in themselves but are used to calculate
biologically weighted radiometric quantities. A spectroradiometer comprises three essential
components (Gibson & Diffey, 1989):

(i) input optics, such as an integrating sphere or Teflon diffuser, which collects the

incident radiation and conducts it to

(ii) the entrance slit of a monochromator, which disperses the radiation by means of

one or two wavelength dispersive devices (either diffraction grating or prism). The
monochromator also incorporates mirrors to guide the radiation from the entrance
slit to the dispersion device and on to the exit slit, where it is incident on

(iii) a radiation detector, normally a photodiode or, for higher sensitivity, a

photomultiplier tube.

Spectroradiometry is generally considered to be the best way of specifying UV sources,
although the accuracy of spectroradiometry, particularly with respect to the UVB waveband
of terrestrial radiation, is affected by a number of parameters including wavelength cali-
bration, band width, stray radiation, polarization, angular dependence, linearity and
calibration sources. It is therefore essential to employ a double monochromator for accurate
characterization of terrestrial UVR and particularly UVB (Garrison et al., 1978; Kostkowski
et al., 1982; Gardiner & Kirsch, 1991).

1.2.2 Wavelength-independent (thermal) detectors

General-purpose radiometers incorporate detectors that have a flat response over a
wide range of wavelengths. Such thermal detectors operate on the principle that incident
radiation is absorbed by a receiving element, and the temperature rise of the element is
measured, usually by a thermopile or a pyroelectric detector. A thermopile, which comprises
several thermocouples connected in series for improved sensitivity, must have a window
made of fused silica for measuring UVR at wavelengths down to at least 250 nm. Pyroelectric
detectors rely on a voltage generated by temperature changes in a lithium tantalate crystal.
Thermal detectors are normally used to measure the total radiant power of a source rather
than just the UV component (Moseley, 1988).

Instruments for measuring broad-band solar radiation fall into three categories: pyro-
heliometers, pyranometers and pyranometers with a shading device (Igbal, 1983). These
types of instrument find their applications in meteorology rather than in UV photobiology.

1.2.3 Wavelength-dependent detectors

Detectors of this type have a spectral response that varies widely depending on the types
of detector and filters that may be incorporated. Detectors can be designed to have a spectral
response that matches a particular action spectrum for a photobiological end-point. The
success with which this is achieved is variable. The most widely used device, particularly for
measuring solar UVR, has been the Robertson-Berger meter (Robertson, 1972; Berger,
1976), which incorporates optical filters, a phosphor and a vacuum phototube or photo-
voltaic cell. This device measures wavelengths of less than 330 nm in the global spectrum with
a spectral response that rises sharply with decreasing wavelength. It has been used to monitor
natural UVR continuously at several sites throughout the world (Berger & Urbach, 1982;
Diffey, 1987a).
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Detectors incorporating a photodiode or vacuum photocell in conjunction with optical
filter(s) and suitable input optics (e.g., a quartz hemispherical detector) have been produced
to match a number of different action spectra. One such detector is the International Light
Model 730 UV Radiometer, which has a spectral response close to the action spectrum
designated by the American Conference of Governmental Industrial Hygienists for eval-
uating the hazard to health of exposure to UVR, and has been used to measure irradiance
over different terrains (Sliney, 1986).

Wavelength-dependent detectors with spectral responses largely in the UVA waveband
are used, for example, in measuring the output of irradiation units for the treatment of
psoriasis by psoralen photochemotherapy (Morison, 1983a).

A different yet complementary approach is the use of various photosensitive films as UV
dosimeters. The principle is to relate the degree of deterioration of the films, usually in terms
of changes in their optical properties, to the dose of incident UVR. The principal advantages
of the film dosimeter are that it provides a simple means of integrating exposure continuously
and allows simultaneous comparison of numerous sites that are inaccessible to bulky,
expensive instruments (Diffey, 1987a). The most widely used photosensitive film is polymer
polysulfone (Diffey, 1989a). Personal dosimeters of polysulfone film have been developed
and used in a number of dosimetric studies (Challoner et al., 1976, 1978; Leach et al., 1978:
Holman et al., 1983a; Lark6 & Diffey, 1983; Diffey, 1987a; Schothorst et al., 1987a; Slaper,
1987; Rosenthal et al., 1990).

Itis difficult to achieve a prescribed UVR spectral response with wavelength-dependent
detectors. Accurate results can be achieved only if the detectors are calibrated against the
appropriate source spectrum using a spectroradiometer (Gibson & Diffey, 1989). Unless this
is done, severe dosimetric errors can arise, particularly with measurements of solar UVR
(Diffey, 1987a; Sayre & Kligman, 1992).

Accurate measurement of UVB radiation is far more difficult than would appear
initially. The primary problem is that the UVB produced by most optical sources—the sun as
. well as incandescent and fluorescent lamps used for illumination—is only a very small
fraction (i.e., less than 0.3%) of the total radiant energy emitted. Additionally, biological
action spectra (e.g., for erythema and photokeratitis) typically decrease dramatically within
the same waveband in which the source spectrum increases (Diffey & Farr, 1991a). This
means that either a spectroradiometer or a direct-reading filtered ‘erythemal’ or ‘hazard’
meter must reject out-of-band radiant energy to better than one part in 104 or even 105. The
spectral band-width of a monochromator can also greatly affect measurement error: too
large a band-width can reduce the steepness of reported action spectra.

1.3 Sources and exposures

In the broadest sense, UVR may be produced when a body is heated (incandescence) or
when electrons that have been raised to an excited state return to a lower energy level, as
occurs in fluorescence, in an electric discharge in a gas and in electric arcs (optical plasma)
(Sliney & Wolbarsht, 1980; Phillips, 1983; Moseley, 1988). The characteristics of exposures
to both terrestrial solar radiation (an incandescent source) and artificial light sources are
discussed in the following sections.
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1.3.1 Solar ultraviolet radiation

Optical radiation from the sun is modified significantly as it passes through the Earth’s
atmosphere (Fig. 2), although about two-thirds of the energy from the sun that impinges on
the atmosphere penetrates to ground level. The annual variation in extra-terrestrial
radiation is less than 10%, but the variation in the modifying effect of the atmosphere is far
greater (Moseley, 1988). Measurements corrected for atmospheric absorption show that the
visible portion comprises approximately 40% of the total radiation received at the surface of
the Earth. While UVR comprises only a small proportion of the total radiation (approxi-
mately 5%), this component is extremely important in various biological processes. The
principal effect of infrared radiation is to warm the earth; approximately 55% of the solar
radiation received at the surface of the earth is infrared (Foukal, 1990).

Fig. 2. Spectral irradiance from the sun outside the Earth’s atmosphere (upper curve) and at
sea level (lower curve)
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From Moseley (1988)

On its path through the atmosphere, solar radiation is absorbed and scattered by various
constituents of the atmosphere. It is scattered by air molecules, particularly oxygen and
nitrogen (Rayleigh scattering), which produce the blue colour of the sky. It is also scattered
by aerosol and dust particles (Mie scattering) and is scattered and absorbed by atmospheric
pollution. Total solar irradiance and the relative contributions of different wavelengths vary
with altitude. Clouds attenuate solar radiation, although their effect on infrared radiation is
greater than on UVR. Reflection of sunlight from certain ground surfaces may contribute
significantly to the total amount of scattered UVR. An effective absorber of solar UVR is
ozone in the stratosphere (Moseley, 1988). An equally important absorber in the longer
wavelengths (infrared) is water vapour (Diffey, 1991); a secondary absorber in this range is
carbon dioxide. These two filter out much of the solar energy with wavelengths longer than
1000 nm (Sliney & Wolbarsht, 1980).
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The quality (spectral distribution) and quantity (total UV irradiance) of UVR reaching
the Earth’s surface depend on the radiated power from the sun and the transmitting
properties of the atmosphere. Although UVC exists in the extra-terrestrial solar spectrum, it
is filtered out completely by the ozone layer in the atmosphere. UVB radiation, which
represents about 5% of the total solar UVR that reaches the Earth (Sliney & Wolbarsht,
1980), has been considered to be the most biologically significant part of the terrestrial UV
spectrum. The levels of UVB radiation reaching the surface of the Earth, although heavily
attenuated, are also largely controlled by the ozone layer.

Ozone (O3) is a gas which comprises approximately one molecule out of every two
million in the atmosphere. It is created by the reaction of molecular oxygen (O,) with atomic
oxygen (O), formed by the dissociation of O, by short-wavelength UVR (< 242 nm) in the
stratosphere at altitudes between about 25 and 100 km. Absorption of UVR at wavelengths
up to about 320 nm converts the ozone back to O, and O, and it is this dissociation of ozone
that is responsible for preventing radiation at wavelengths less than about 290 nm from
reaching the Earth’s surface (Moseley, 1988; Ditfey, 1991). Molina and Rowland (1974) first
proposed that chlorofluorocarbons and other gases released by human activity could alter
the natural balance of creative and destructive processes and lead to depletion of the stra-
tospheric ozone layer. Substantial reductions, of up to 50%, in the ozone column observed in
the austral spring over Antarctica were first reported in 1985 and may continue. There are,
however, serious limitations in our current understanding of and ability to quantify ozone
depletion at the present levels of contaminant release and in our ability to predict the effects
on stratospheric ozone of any further increases (United Nations Environment Programme,
1989; United Kingdom Stratospheric Ozone Review Group, 1991).

A number of factors influence terrestrial UVR levels:

- Vanations in stratospheric ozone with latitude and season (United Nations Environ-
ment Programme, 1989) _

- Time of day: In summer, about 20-30% of the total daily amount of UVR is received
between 11:00 and 13:00 h and 75% between 9:00 and 15:00 h (Diffey, 1991; Table 2
and Fig. 3). Although the amount of visible light falling on the ground in the summer
may vary by only 30% between 12:00 and 15:00 h (local solar time), the short-
wavelength component of the UVB spectrum undergoes a dramatic change during

Table 2. Percentage of daily UVB and UVA radiation received during
different periods of a clear summer’s day. Solar noon is assumed to
be at 12:00 h, i.e., no allowance is made for daylight saving time

Latitude ('N) UVB UVA

11:00-13:00 h  9:00-15:00 h 11:00-13:00 h  9:00-15:00 h

20 30 78 27 73
40 28 75 25 68
60 26 69 21 60

From Diffey (1991)
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Fig. 3. Daily variation in ultraviolet radiation: erythemal effective irradiance falling on a
horizontal earth surface at Denver, CO, USA, on one summer’s day
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this period. At a wavelength of 300 nm, the spectral irradiance decreases by 10 fold,
from approximately 1.0 to 0.1 pW/(cm? x nm) (Sliney, 1986).

_ Season: Seasonal variation in terrestrial UV irradiance, especially UVB, at the
Earth’s surface is significant in temperate regions but much less nearer the equator
(Table 3).

Table 3. Typical values for ambient daily and annual UVB
radiation expressed in minimal erythema dose (MED)

Latitude ("N) Diurnal UVB (MED)

Winter  Spring/Autumn  Summer  Annual

20 (Hawaii, USA) 14 20 25 6000
30 (Florida, USA) 5 12 15 4000
40 (Spain) 2 7 12 2500
50 (Belgium) 0.4 3 10 1500
From Diffey (1991)

~ Geographical latitude: Annual UVR exposure dose decreases with increasing distance
from the equator (Table 3).

— Clouds: Clouds reduce UV ground irradiance; changes in UVR are smaller than those
of total irradiance because water in clouds attenuates solar infrared radiation much
more than UVR. Even with heavy cloud cover, the scattered UVB component of sun-
light (often called skylight) is seldom less than 10% of that under clear sky; however,
very heavy cloud cover can virtually eliminate UVB even in summer. Light clouds
scattered over a blue sky make little difference in sunburning effectiveness unless they
directly cover the sun. Complete light cloud cover prevents about 50% of UVB
energy, relative to that from a clear sky, from reaching the surface of the Earth
(Diffey, 1991).



EXPOSURE DATA 53

- Surface reflection: The contribution of reflected UVR to a person’s total UVR expo-
sure varies in importance with a number of factors (Table 4). A grass lawn scatters
about 3% of incident UVB radiation. Sand reflects about 10-15%, so that sitting
under an umbrella on the beach can lead to sunburn both from scattered UVB from
the sky and reflected UVB from the sand. Fresh snow has been reported to reflect up
to 85-90% of incident UVB radiation, although reflectance of about 30-50% is
probably more typical. Ground reflectance is important, because parts of the body
that are normally shaded are exposed to reflected radiation (Diffey, 1990a).

Table 4. Representative terrain reflectance factors for horizontal
surfaces measured with a UVB radiometer at 12:00 h (290-315 nm)

in the USA
Material Reflectance
(%)
Lawn grass, summer, Maryland, California and Utah 2.0-3.7
Lawn grass, winter, Maryland 3.0-5.0
Wild grasslands, Vail Mountain, Colorado 0.8-1.6
Lawn grass, Vail, Colorado 1.0-1.6
Flower garden, pansies 1.6
Soil, clay/humus 4.0-6.0
Sidewalk, light concrete 10-12
Sidewalk, aged concrete 7.0-8.2
Asphalt roadway, freshly laid (black) 4.1-5.0
Asphalt roadway, two years old (grey) 5.0-8.9
House paint, white, metal oxide 22
Boat dock, weathered wood 6.4
Aluminium, dull, weathered 13
Boat deck, wood, urethane coating 6.6
Boat deck, white fibreglass 9.1
Boat canvas, weathered, plasticized 6.1
Chesapeake Bay, Maryland, open water 33
Chesapeake Bay, Maryland, specular component of reflection 13
atZ = 45 °N
Atlantic Ocean, New Jersey coastline 8.0
Sea surf, white foam 25-30
Atlantic beach sand, wet, barely submerged 7.1
Atlantic beach sand, dry, light 15-18
Snow, fresh 88
Snow, two days old 50
From Sliney (1986)

- Altitude: In general, each 300-m increase in altitude increases the sunburning
effectiveness of sunlight by about 4%. Conversely, places on the Earth’s surface
below sea level have lower UVB exposures than nearby sites at sea level (Diffey,
1990a).
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— Air pollution: Tropospheric ozone and other pollutants can decrease UVR, parti-
cularly in urban areas (Frederick, 1990).

(@) Measurements of terrestrial solar radiation

Since UVR wavelengths between about 295 and 320 nm (UVB radiation) in the terres-
trial solar spectrum are thought to be those mainly responsible for adverse health effects, a
number of studies have concentrated on measuring this spectral region (Sliney, 1986).
Accurate measurements of UVR in this spectral band are difficult to obtain, however,
because the spectral curve of terrestrial solar irradiance increases by a factor of more than
five between 290 and 320 nm (Fig. 4). Nevertheless, extensive measurements of ambient

Fig. 4. Action spectrum designated by the American Conference of Governmental Industrial
Hygienists (ACGIH) for assessing the hazard of ultraviolet radiation (very similar to erythe-
mal action spectrum from 300-230 nm) and the solar spectrum. The ACGIH action spec-
trum, which is unitless, is closely fit by some radiometers; however, because of the small over-
lap of the terrestrial solar spectrum with the action spectrum, problems of stray light must
be dealt with by constant checks with a filter that blocks wavelengths of less than 320 nm
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UVR in this spectral band have been performed worldwide (Schulze, 1962; Schulze & Grife,
1969; Henderson, 1970; Sundararaman et al., 1975; Garrison et al., 1978; Doda & Green,
1980; Mecherikunnel & Richmond, 1980; Kostkowski ef al., 1982; Ambach & Rehwald,
1983; Blumthaler et al., 1983; Livingston, 1983; Blumthaler et al., 1985a,b; Kolariet al., 1986;
Hietanen, 1990; Sliney et al., 1990). Longer-wavelength UVR (UVA) was measured at the
same time in many of these studies. Measurements of terrestrial solar UVA radiation are less
subject to error than measurements of UVB, since the spectrum does not vary widely with
zenith angle and the spectral irradiance curve is relatively flat.

Maps of annual UVR exposure, such as that shown in Figure 5, have been compiled for
epidemiological studies of skin cancer and other diseases (Schulze, 1962, 1970; Scotto et al.,
1976). Despite the large numbers of measurements, their interpretation in relation to human
exposure has been complicated by three factors: (i) the considerable variation in UVB
spectral irradiance with solar position throughout the day and with season; (ii) the effect of
the geometry of exposure of individuals; and (iii) variation between humans in outdoor
exposure and the parts of their bodies that are exposed.

Fig. 5. Global distribution of ultraviolet radiation

From Schulze (1970); WHO (1979)

The total solar radiation that arrives at the Earth’s surface is termed ‘global radiation’,
and measurements of terrestrial UVR most frequently pertain to this quantity, i.e., the
radiant energy falling upon a horizontal surface from all directions (both direct and scattered
radiation). Global radiation comprises two components, referred to as ‘direct’ and ‘diffuse’.
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Approximately 70% of the UVR at 300 nm is in the diffuse component rather than in the
direct rays of the sun (Fig. 6). The ratio of diffuse to direct radiation increases steadily from
less than 1.0 at 340 nm to at least 2.0 at 300 nm (Garrison et al., 1978).

Fig. 6. Diffuse and direct solar spectral irradiance (solar zenith angle, 45°)
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UVR reflected from the terrain (the albedo) may also be important; however, essentially
all measurement programmes have been limited to the direct and total diffuse components
of sunlight. While such measurements are of interest in calculating the exposure dose of
UVR of a prone individual, they are of very limited value in estimating exposure of the eye
and shaded skin surfaces (e.g., under the chin), where the UVB radiation incident upon the
body from terrain reflectance and horizon sky is of far greater importance. Sliney (1986) and
Rosenthal ez al. (1988) reported measurements of outdoor ambient UVR that included the
reflected component to the eye. Exposure data for different anatomical sites is of value in
developing biological dose-response relationships (Diffey et al., 1979). The fact that ocular
exposure differs significantly from cutaneous exposure is emphasized by the finding that
photokeratitis is seldom experienced during sunbathing yet the threshold for UV photo-
keratitis is less than that for erythema of the skin (Sliney, 1986).
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Measurements of the angular distribution of UVR relative to solar position and cloud
distribution have been reported (Sliney, 1986; Fig. 7). A cloud obscuring the sun had no
effect upon the UV radiance of open blue sky or the horizon sky; however, when the sun was
‘out’ (i.e., in an open sky), clouds near the horizon opposite the sun apparently reflected more
UVR than would otherwise be present from the blue sky. This confirms the findings of
studies of photographs of the sky taken through a narrow-band filter at 320 nm (Livingston,
1983), which revealed that the sky looks almost uniformly bright even when clouds are
present and the clouds disappear into a uniformly hazy sky. Only the sun stands out, as would
be expected from the plots on Figure 7. When the sun is near the horizon and can be looked
at without great discomfort (i.e., at Z = 75-90 °), the effective UV irradiance is again of the
order of 0.3 pW/cm2, e.g., about 0.08-1.1 pwW/cm? at an elevation angle of 12-15 ° (Sliney,

1986).

Fig. 7. Semilogarithmic plots of the angular dependence of skylight for 290-315 nm
ultraviolet radiation (UVR) with the sun at zenith angle of about 45 °. A narrow field-of-view
detector was scanned from zenith to the horizon. Uppermost curves show that direct UVR
from the sun is more than 10 times greater than scattered UVR normally incident upon the
eye at near-horizon angles where the zenith angle Z = 70-90 °. Most surprising is the simi-
larity of blue sky and cloudy sky UV irradiances at zenith or near the horizon.
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(b) Personal exposures

The exposure of different anatomical sites to solar UVR depends not only on ambient
UVR and orientation of sites with respect to the sun but also on cultural and social
behaviour, type of clothing and whether spectacles are worn.
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Measurements of ambient UVR are useful in that they provide upper limits on human
exposure (Scotto ef al., 1976). They are of lesser value for assessing exposure doses received
by groups of individuals. Polysulfone film has been used to monitor personal exposure to
solar UVR (see p. 49). The wide variations in recorded exposure doses reflect diversity of
behaviour and, in most cases, the small numbers ( < 30) of subjects monitored. Nevertheless,
it can be estimated that recreational (excluding vacations) exposure to the sun of people in
northern Europe (where most of these studies were carried out) results in an annual solar
exposure dose to the face of 20-100 MED, depending on the propensity for outdoor pursuits.
The annual weekday UV exposure dose of indoor workers is around 30 MED; as a two-week
outdoor vacation can result in a further 30-60 MED, the total annual exposure dose to the
face of most indoor workers is probably in the range 40-160 MED. Outdoor workers at the
same latitudes receive about two to three times these exposure doses, typically around 250
MED (Diffey, 1987b; Slaper, 1987).

An alternative approach to estimating personal exposure is to combine measured data
on ambient UVR with a behavioural model of exposure. This approach was applied to a
group of more than 800 outdoor workers in the USA (40 °N) by Rosenthal et al. (1991).
These investigators estimated annual facial exposure doses of 30-200 MED, which are
considerably lower than those estimated for outdoor workers in northern Europe, perhaps
because Rosenthal ef al. assumed facial exposure to be about 5-10% of ambient. A number
of researchers have used polysulfone film badges on both human subjects (Holman et al.,
1983a: Rosenthal ef al., 1990) and mannequins (Diffey et al., 1977, 1979; Gies et al., 1988) to
measure solar UVR exposure on the face relative to ambient exposure. The results vary
considerably, reflecting factors such as positioning of film badges, behaviour of individuals,
solar altitude and the influence of shade. Examination of the data suggests, however, that the
exposure of an unprotected face is probably close to 20% of the ambient. Using this estimate,
the annual facial exposure doses in the outdoor worker group studied by Rosenthal et al.
(1991) would be about 80-500 MED. These data demonstrate clearly the current
uncertainties associated with estimates of population exposure doses.

1.3.2 Exposure to artificial sources of ultraviolet radiation

(@) Sources

Six artificial sources that often produce UVR incidental to the production of visible light
(Sliney & Wolbarsht, 1980; Phillips, 1983; Moseley, 1988) are described below.

(i) Incandescent sources

Optical radiation from an incandescent source appearsasa continuous spectrum. Incan-
descent sources are usually ascribed a certain ‘colour temperature’, defined as the tempe-
rature of a black body that emits the same relative spectral distribution as the source. UVR is
emitted in significant quantity when the colour temperature exceeds 2500 °K (2227 °C).
Tungsten-halogen lamps in a quartz envelope (colour temperature, 3000 °K [2727 °C]) may
emit significant UVR, whereas the UVR emission of an ordinary tungsten light bulb is
negligible.
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(ii) Gas discharge lamps

Another method of producing optical radiation is to pass an electric current through a
gas. The emission wavelengths are determined by the type of gas present in the lamp and
appear as spectral lines. The width of the lines and the amount of radiation in the interval
between them (the continuum) depend on the pressure in the lamp. At low pressures, fine
lines with little or no continuum are produced; as pressure is increased, the lines broaden and
their relative amounts alter. Low-pressure discharge lamps, commonly containing mercury,
argon, xenon, krypton or neon, are useful for spectral calibration. Medium-pressure mercury
lamps operate at an envelope temperature in the region of 600-800 °C.

(iii) Arc lamps

Arc lamps operate at high pressures (20-100 atm [2020-10133 kPa]) and are very
intense sources of UVR. Commonly available lamps contain xenon, mercury or a mixture of
the two elements, which are effective sources of UVR. Xenon arc lamps operate at a colour
temperature of 6000 °K (5727 ° C); they are often used as the light source in solar simulation
or are combined with a monochromator in spectral illumination systems. Deuterium arc
lamps provide a useful source of UVC radiation and find their main use in spectro-
photometers and as a calibration source for spectroradiometers.

(iv) Fluorescent lamps

The primary source of radiation in a fluorescent lamp arises from a low-pressure
mercury discharge, which produces a strong emission at 254 nm, which in turn excites a
phosphor-coated lamp to produce fluorescence. By altering the composition and thickness of
the phosphor and the glass envelope, a wide variety of emission spectral characteristics can
be obtained. The output is thus chiefly the fluorescent emission spectrum from the coating,
with a certain amount of breakthrough of UVB mercury lines at 297, 303 and 313 nm, as well
as those in the UVA and visible regions (WHO, 1979).

(v) Metal halide lamps

The addition of other metals (as halide salts) to a mercury discharge lamp allows for the
addition of extra lines to the mercury emission spectrum. Most such tubes are basically
medium-pressure discharge lamps with one or more metal halide additives, usually iodide.
Advantage has been taken of the strong lead emission lines at 364, 368 and 406 nm in the lead
iodide lamp, in which there is a 50% increase in output in the region between 355 and 380 nm
compared to a conventional mercury lamp. Antimony and magnesium halide lamps provide
spectral lines in the UVB and UVC regions.

(vi) Electrodeless lamps

A type of lamp recently introduced on a large scale is the electrodeless lamp. In this
design, the discharge tube absorbs microwave energy fed, via waveguides, into a microwave
chamber containing the tube. Two 1500-W magnetrons generate microwave energy at 2450
MHz. The life of such lamps is longer than that of electrode lamps, and a greater range of
metal halides is available. Electrodeless lamps are used extensively for UV curing of inks and
coatings, particularly when a short lamp length is adequate for the area to be irradiated. They
have often been the first choice for curing prints on containers such as two-piece cans, plastic
pots and bottles, and tubes.
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(b) Human exposure

Although the sun remains the main source of UVR exposure for humans, the advent of
artificial UVR sources has increased the opportunity for both intentional and unintentional
exposure.

Intentional exposure is most often to acquire a tanned skin, frequently using sunbeds
and solaria emitting principally UVA (315-400 nm) radiation (Diffey, 1987c). Another
reason for intentional exposure to artificial UVR is the treatment of skin diseases, notably
psoriasis.

Unintentional exposure is most often the result of occupation, and workers in many
industries (see p. 66) may be exposed to UVR from artificial sources. The general public is
exposed to low levels of UVR from sources such as fluorescent lamps used for indoor lighting
and may be exposed in shops and restaurants where UVA lamps are employed in traps to
attract flying insects.

(i) Cosmetic use

To some individuals, a tanned skin is socially desirable. A ‘suntanning industry’ has
grown up, particularly in northern Europe and North America, in which artificial sources of
UVR supplement exposure to sunlight.

Description of UVR sources used for tanning: Prior to the mid-1970s, the source of UVR
was usually an unfiltered, medium- or high-pressure mercury arc lamp which emitted a broad
spectrum of radiation, from UVC through to visible and infrared radiation (Diffey & Farr,
1991b). The units often incorporated one or more infrared heaters and were commonly
called ‘sunlamps’ or ‘health lamps’ (Anon., 1979). One disadvantage of this type of unit was
that the area of irradiation was limited to a region such as the face and so whole-body tanning
was tedious. By incorporating several mercury arc lamps into a ‘solarium’, whole body
exposure was achieved. Tanning devices based on mercury arc lamps emit relatively large
quantities of UVB and UVC radiation, resulting in a significant risk of burning and acute eye
damage. Solaria that incorporate unfiltered mercury arc lamps are therefore now less
popular (Diffey, 1990a).

So-called UVB fluorescent lamps (e.g., Westinghouse FS Sunlamp, Philips TL12) emit
approximately 55% of their UV energy in the UVB and approximately 45% in the UVA
regions (Diffey & Langley, 1986). They were often used in tanning booths, more commonly
in the USA than in Europe.

Sunbeds, incorporating high-intensity UVA fluorescent lamps, were developed in the
1970s. These devices consist of a bed and/or canopy incorporating 6-30 fluorescent lamps
150-180 cm in length. The earliest type of UVA lamp used in sunbeds is typified by the Philips
TLO9, Wotan L100/79 and Wolff Solarium lamps (Diffey, 1987c). The spectral power
distribution from this type of lamp is shown in Figure 8a. The emission spectrum comprises
the fluorescence continuum, extending from about 315 to 400 nm and peaking at 350-355
nm, together with the characteristic lines from the mercury spectrum down to 297 nm (UVB)
(Diffey & McKinlay, 1983). The UVA irradiance at the skin surface from a typical sunbed or
suncanopy containing these lamps is between 50 and 150 W/m? (Bowker & Longford, 1987;
Bruyneel-Rapp et al., 1988).
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Fig. 8. Spectral emissions of different lamps used for cosmetic tanning: (a) Philips TL09
(Diffey, 1987c); (b) Philips TL10R (Diffey, 1987c); (c) Wolff Bellarium S (B.L. Diffey,
unpublished data); (d) optically filtered high-pressure metal halide lamp (Diffey, 1987¢)
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In the mid-1980s, another type of UVA fluorescent lamp (Philips TL10R) was
introduced especially for cosmetic tanning. The principal features of this type of lamp were a
reflector intrinsic to the lamp envelope and a fluorescence spectrum extending from about
340 to 400 nm, peaking at 370 nm (Fig. 8b); note also the presence of characteristic mercury
lines in the UVB region. The skin surface irradiance from a sunbed or suncanopy
incorporating Philips TL10R lamps is typically around 250 W/m?2 (Diffey, 1987c).

Another type of UV fluorescent lamp that has been used in sunbeds is the so-called “fast
tan’ tube. This type of lamp is typified by the Wolff Bellarium S, the spectral power
distribution of which is shown in Figure 8(c). The spectrum extends from about 290 to 400 nm
and peaks at around 350 nm (Diffey & Farr, 1987).

Optically filtered, high-pressure mercury lamps doped with metal halide additives are
also used in cosmetic tanning. The spectral emission lies entirely within the UVA waveband
(Fig. 8d), and irradiances at the skin surface of more than 1000 W/m2 can be achieved. The
best known of this type of unit is probably the UVASUN (Mutzhas, 1986).

A summary of the physical and photobiological emissions from these different types of
lamps is given in Table 5 (Diffey & Farr, 1991a).
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Table 5. Characteristics of different ultraviolet (UV) lamps used for tanning

Lamp Radiation emission (%) Contribution to tanning (%)

UVA UVB UVC UVA UVB UVC
Mercury arc sunlamp 40 40 20 0 35 65
Simulated sunlight lamp 95 S 0 20 80 0
Type I UVA lamp 99 1 0 60 40 0
Type II UVA lamp >999 <01 0 > 90 < 10 0
Optically filtered high-pressure lamp? 100 0 0 100 0 0
Summer UV sunlight? 95 5 0 20 80 0

From Diffey & Farr (1991b) unless otherwise specified
9From Mutzhas (1986)
bFrom Sliney & Wolbarsht (1980)

Exposure to UVR sources used for tanning: Telephone surveys carried out in the
Netherlands (Bruggers et al., 1987) and in the United Kingdom (Anon., 1987) in the
mid-1980s showed that 7-9% of the adult population in each country had used sunbeds in the
previous one to two years. A more recent market survey in the United Kingdom
(R. McLauchlan, personal communication), with a sample size of 5800, gave a slightly higher
figure, with 10% of the population having used a sunbed during the previous year (1988) and
19% of the sample admitting to having used a sunbed at some time in the past. In these and
other surveys in the United Kingdom (Diffey, 1986) and the USA (Dougherty ez al., 1988),
women accounted for 60-85% of users, about half of the subjects being young women aged
between 16 and 30. The commonest reason given for using tanning equipment was to acquire
a pre-holiday tan (Anon., 1987; R. McLauchlan, personal communication); other reasons
included perceived health benefits, reduction of stress and improved relaxation, protection
of the skin before going on holiday, sustaining a holiday tan and treatment of skin diseases
such as psoriasis and acne (Diffey, 1986; Dougherty et al., 1988).

In the Dutch survey (Bruggers et al., 1987), about half of the users interviewed used
tanning equipment at home and the other half used facilities at commercial premises, such as
tanning salons, hairdressers, sports clubs and swimming pools. Most people had used UVA
equipment; 24% had used either UVB mercury arc sunlamps or solaria incorporating these
lamps. A more recent survey in the United Kingdom (McLauchlan, 1989) confirmed the
Dutch finding that the amount of use at home and at commercial premises was approximately
the same. A survey carried out at commercial establishments in the United Kingdom
indicated that all the equipment used emitted primarily UVA radiation, mostly from
fluorescent UVA lamps and 10% from optically filtered high-pressure metal halide lamps
(Diffey, 1986). Sales of tanning appliances in the United Kingdom increased rapidly during
the 1980s, but by the end of the decade there appeared to be a steady, or possibly reduced,
level of sales (Diffey, 1990a).

The mean number of tanning sessions per year in the Dutch study was 23 (Bruggerset al.,
1987). In the United Kingdom, half-hour sessions were the most popular (Diffey, 1986). Each
tanning session with UVA equipment normally results in an erythemally-weighted exposure
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of about 0.8 MED (150 J/m?), whereas exposure to mercury arc lamps results in about
2 MED per session (400 J/m?). In the Dutch survey, it was estimated that the median annual
exposure was 24 MED (4.8 kJ/m?) (Bruggers et al., 1987).

(if) Medical and dental applications

UVR has both diagnostic and therapeutic applications in medicine and dentistry. The
diagnostic uses are confined largely to fluorescing of skin and teeth, and the UVR source is
normally an optically filtered medium-pressure mercury arc lamp producing radiation
mainly at 365 nm (so-called ‘Wood’s lamps’) (Caplan, 1967). Radiation exposure is limited to
small areas (< 15 cmin diameter), and the UVA radiation dose per examination is probably
no more than 5 J/cm? The therapeutic uses of UVR, which result in considerably higher
doses, are mainly in the treatment of skin diseases and occasionally the symptomatic relief of
pruritus.

Phototherapy: The skin diseases that are most frequently treated with UVR are psoriasis
and eczema. Phototherapy of psoriasis at hospital may include the use of tar and related
derivatives and other substances, such as anthralin, on the skin (Morison, 1983a; see also
IARC, 1987a).

The first treatment of psoriasis with an artificial source of UVR is credited to
Sardemann, who used a carbon arc lamp of the type developed by Finsen at around the turn
of the century. These lamps were unpopular in clinical practice because they emitted noise,
odour and sparks, and they were superseded by the development of the medium-pressure
mercury arc lamp. In the 1960s, a variety of metal halides were added to mercury lamps to
improve emissions in certain regions of the UV and visible spectra. Fluorescent lamps were
developed in the late 1940s; since then, a variety of phosphor and envelope materials have
been used to produce lamps with emissions in different regions of the UV spectrum, such
that, today, there exists a wide range of lamps for the phototherapy of skin diseases (Diffey &
Farr, 1987).

Lamp systems can be classified into one of five categories in terms of suitability for
phototherapy (Diffey, 1990b):

Type A: a single, medium-pressure mercury arc or metal halide lamp;

Type B: one or more vertical columns containing five or six optically filtered
high-pressure metal halide lamps;

Type C: acanopy or cubicle containing fluorescent sunlamps which emit predominantly
UVB but also significant amounts of radiation at wavelengths below 290 nm
(e.g., Westinghouse FS sunlamp, Philips TL12 and Sylvania UV21 lamps);

Type D: a canopy, sunbed or cubicle incorporating fluorescent lamps which emit
predominantly UVB radiation and negligible amounts of radiation at wave-
lengths below 290 nm (e.g., the Wolff Helarium);

Type E: a newly developed fluorescent lamp that emits a narrow band of radiation
around 311-312 nm (Philips TLO1).

The spectral power distributions characteristic of each of these five types of lamp are
shown in Figure 9. The therapeutic radiation for psoriasis lies principally within the UVB
waveband (Parrish & Jaenicke, 1981), and the cumulative UVB dose required for clearing



64 IARC MONOGRAPHS VOLUME 55

Fig. 9. Spectral power distributions of different types of phototherapy lamp (Diffey, 1990b).
Type A: unfiltered medium-pressure mercury arc lamp; type B: optically filtered iron iodide
lamp; type C: fluorescent sunlamp (Philips TL12); type D: Wolff Helarium lamp; type E:
narrow-band UVB fluorescent lamp (Philips TLO01)
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psoriasis is typically 100-200 MED (Diffey, 1990a), usually delivered over a course
consisting of 10-30 exposures over 3-10 weeks (van der Leun & van Weelden, 1986).

Annual doses received by 90% of patients given UVB phototherapy for psoriasis range
from about 60 to 670 MED, with a typical dose in a single course being between 200 and 300

MED (Slaper, 1987).

Psoralen photochemotherapy (see also IARC, 1980, 1986a, 1987b): This form of treat-
ment, known colloquially as PUVA, involves the combination of photoactive drugs, pso-
ralens (P), with long-wave UVR (UVA) to produce a beneficial effect. Psoralen photo-
chemotherapy has been used to treat many skin disease in the past decade, although its
principal success has been in the management of psoriasis (Parrish et al., 1974), a disorder
characterized by an accelerated cell cycle and rate of DNA synthesis. Psoralens may be
applied to the skin either topically or systemically; the latter route is generally preferred, and
the psoralen most commonly administered is 8-methoxypsoralen. The patient is usually
exposed to UVA radiation from banks of fluorescent lamps with the spectral power
distribution shown in Figure 8a. Values for UVA irradiance in clinical treatment cubicles
have been found to range from 16 to 140 W/m? (Diffey et al., 1980; Diffey, 1990b), although
an irradiance of 80 W/m? is probably typical. The UVA dose per treatment session is usually
in the range 1-10 J/cm? (Diffey et al., 1980).

Generally, approximately 25 treatments over a period of 6-12 weeks, with a cumulative
UVA dose of 100-250 J/cm?, are required to clear psoriatic lesions (Melski et al., 1977,
Henseler et al., 1981). PUVA therapy is not a cure for psoriasis, and maintenance therapy is
often needed at intervals of between once a week to once a month to prevent relapse (Gupta
& Anderson, 1987).

Neonatal phototherapy for hyperbilirubinaemia: Phototherapy is sometimes used in the
treatment of neonatal jaundice or hyperbilirubinaemia. The preferred method of treatment
is to irradiate the baby for several hours a day for up to one week with visible light,
particularly blue light (Sisson & Vogl, 1982). The lamps used for phototherapy, although
intended to emit only visible light, may also have a UV component: One commercial
neonatal phototherapy unit was found to emit not only visible light and UVA but also
radiation at wavelengths down to 265 nm (Diffey & Langley, 1986).

Fluorescence in cutaneous and oral diagnosis: Wood’s light—a source of UVA obtained
by filtering optically a mercury arc lamp with ‘blackglass’—is used by dermatologists as a
diagnostic aid in skin conditions that produce fluorescence (Caplan, 1967; Diffey, 1990a). As
irradiation of the oral cavity with a Wood’s lamp can produce fluorescence under certain
conditions, this has been used in the diagnosis of various dental disorders, such as early
dental caries, the incorporation of tetracycline into bone and teeth, dental plaque and
calculus (Hefferren et al., 1971).

Polymerization of dental resins: Pits and fissures in teeth have been treated using an
adhesive resin polymerized with UVA. The resin is applied with a fine brush to the surfaces to
be treated and is hardened by exposure to UVA radiation at a minimal irradiance of 100
W/m? for 30 s or so (Eriksen et al., 1987; Diffey, 1990a).
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(iii) Occupational exposures

Artificial sources of UVR are used in many different ways in the working environment.
In some cases, the UV source is well contained within an enclosure and, under normal
circumstances, presents no risk of exposure to personnel. In other applications of UVR, it is
inevitable that workers are exposed to some radiation, normally by reflection or scattering
from adjacent surfaces. Occupational exposure to UVR is also a consequence of exposure to
general lighting in the workplace.

Industrial photoprocesses: Many industrial processes involve a photochemical com-
ponent. The large-scale nature of these processes often necessitates the use of high-power
(several kilowatts) lamps such as high-pressure metal halide lamps (Diffey, 1990a).

The principal industrial applications of photopolymerization include the curing of
protective coatings and inks and photoresists for printed circuit boards. The curing of
printing inks by exposure to UVR is now widespread; as the cure takes only a fraction of a
second, UV drying units can be installed between printing stations on a multicolour line, so
that each colour is dried before the next is applied. Another major use of UV curing has been
for metal decorating in the packaging industry (Phillips, 1983). UVA is also used to inspect
printed circuit boards and integrated circuits in the electronics industry (Pauw & Meulemans,
1987).

Artificial sources of UVR are used to test the weathering capability of materials such as
polymers. Xenon-arc lamps are often the light source because their emission spectra is
similar to the spectrum of terrestrial sunlight, although some commercial weathering
chambers incorporate carbon-arc lamps, high-pressure metal halide lamps or fluorescent
sunlamps (Davis & Sims, 1983).

Sterilization and disinfection: Radiation with wavelengths in the range 260-265 nm is the
most effective for this use, since it corresponds to a maximum in the DNA absorption
spectrum. Low-pressure mercury discharge tubes are thus often used as the radiation source,
as more than 90% of the radiated energy lies in the 254 nm line. These lamps are often
referred to as ‘germicidal lamps’, ‘bactericidal lamps’ or simply ‘UVC lamps’ (Diffey, 1990a).

UVCradiation has been used to disinfect sewage effluents, drinking-water, water for the
cosmetics industry and swimming pools. Germicidal lamps are sometimes used inside
microbiological safety cabinets to inactivate airborne and surface microorganisms (Diffey,
1990a). The combination of UVR and ozone has a very powerful oxidizing action and can
reduce the organic content of water to extremely low levels (Phillips, 1983).

Welding (see also IARC, 1990): Welding equipment falls into two broad categories: gas
welding and electric arc welding. Only the latter process produces significant levels of UVR,
the quality and quantity of which depend primarily on the arc current, shielding gas and
metals being welded (Sliney & Wolbarsht, 1980).

Welders are almost certainly the largest occupational group with exposure to artificial
sources of UVR. It has been estimated (Emmett & Horstman, 1976) that there may be as
many as half a million welders in the USA alone. The levels of UV irradiance around electric
arc welding equipment are high; effective irradiance (relative to the action spectrum of the
American Conference of Governmental Industrial Hygienists) at 1 m at an arc current of 400
Aranged from 1 to 50 W/m? (Table 6), and the unweighted UVA irradiance ranged from 3 to
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70 W/m?, depending on the type of welding and the metal being welded (Cox, 1987; Mariutti
& Matzeu, 1987). It is not surprising therefore that most welders at some time or another
experience ‘arc eye’ or ‘welder’s flash’ (photokeratitis) and skin erythema. The effective
irradiance at 0.3 m from many types of electric welding arcs operating at 150 A is such that
the maximum permissible exposure time for an 8-h working period on unprotected eyes and
skin varies from a few tenths of a second to about 10 s, depending on the type of welding
process and the material used (Cox, 1987).

Table 6. Limits of exposure to ultraviolet radiation and
radiation effectiveness

Wavelength Exposure limit Relative spectral
(nm) (3/m2) effectiveness (S))°
180 2500 0.012
190 1600 0.019
200 1000 0.030
205 590 0.051
210 400 0.075
215 320 0.095
220 250 0.120
225 200 0.150
230 160 0.190
235 130 0.240
240 100 0.300
245 83 0.360
250 70 0.430
254b 60 0.500
255 58 0.520
260 46 0.650
265 37 0.810
270 30 1.000
275 31 0.960
280 34 0.880
285 39 0.770
290 47 0.640
295 56 0.540
297% 65 0.460
300 100 0.300
3030 250 0.120
305 500 0.060
308 1200 0.026
310 2000 0.015
3136 5000 0.006
315 1.0 x 104 0.003
316 1.3 x 104 0.0024
317 1.5 x 104 0.0020
318 1.9 x 104 0.0016

319 2.5 x 104 0.0012
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Table 6 (contd)

Wavelength Exposure limit Relative spectral
(nm) (I/m?) effectiveness (S))*
320 2.9 x 104 0.0010
322 4.5 x 104 0.00067
323 5.6 x 104 0.00054
325 6.0 x 104 0.00050
328 6.8 x 104 0.00044
330 7.3 x 104 0.00041
333 8.1 x 104 0.00037
335 8.8 x 104 0.00034
340 1.1 x 10° 0.00028
345 1.3 x 105 0.00024
350 1.5 x 10° 0.00020
355 1.9 x 105 0.00016
360 2.3 x 10° 0.00013
365b 2.7 x 105 0.00011
370 3.2 x 10° 0.000093
375 3.9 x 105 0.000077
380 4.7 x 10° 0.000064
385 5.7 x 10% 0.000053
390 6.8 x 105 0.000044
395 8.3 x 105 0.000036
400 1.5 x 106 0.000030

From American Conference of Governmental Industrial Hygienists
(1991); wavelengths chosen are representative, and other values
should be interpolated at intermediate wavelengths.

9For explanation, see pp. 46-47
bEmission lines of a mercury discharge spectrum

In a survey of electric arc welders in Denmark, 65% of those questioned had experienced
erythema; however, as no indication of the frequency of skin reactions was reported, it is not
possible to estimate annual exposure (Eriksen, 1987). Monitoring of the exposure to UVR of
non-welders working in the vicinity of electric arc welding apparatuses showed that their
daily exposure dose exceeded the maximum permissible exposure limits by almost an order
of magnitude (Barth et al., 1990).

Phototherapy: Although there is a trend to the use of enclosed treatment cubicles, some
of the lamps used to treat skin disease (see the section on medical and dental applications)
are unenclosed, emit high levels of UVR and can present a marked hazard to staff; at 1 m
from these lamps, the recommended 8-h occupational exposure limits can be exceeded in less
than 2 min (Diffey & Langley, 1986).

In a study of the exposure of staff in hospital phototherapy departments (Lark & Diffey,
1986), annual exposure to UVR could be estimated from the number of occasions per year
on which staff had experienced at least minimal erythema (Diffey, 1989b). Estimated annual
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occupational exposures to UVR were 15, 92 and 200 MED, corresponding to a frequency of
erythema of once per year, once per month and once per week, respectively.

Operating theatres: UVC lamps have been used since the 1930s to decrease the levels of
airborne bacteria in operating theatres (Berg, 1987). The technique requires complete
protection of the eyes and skin of staff and patients; for this and other reasons, filtered air
units are often preferred.

Research laboratories: Sources of UVR are used by most experimental scientists engaged
in aspects of photobiology and photochemistry and in molecular biology. These applications,
in which the effect of UV irradiation on biological and chemical species is of primary interest
to the researcher, can be differentiated from UV fluorescence by absorption techniques
where the effect is of secondary importance (Diffey, 1990a).

UV photography: There are two distinct forms of UV photography: reflected or
transmitted UV photography and UV fluorescence photography. In both applications, the
effective radiation lies within the UVA waveband (Lunnon, 1984).

UV lasers: High-power lasers which emit in the UV region, used in nuclear and other
research laboratories, are far less common than those that emit in the visible or infrared
regions of the electromagnetic spectrum.

Nitrogen lasers emit at a wavelength of 337 nm (Phillips, 1983), and instruments with a
peak power output of up to 2.3 MW per pulse are available. Nitrogen lasers can be used in
conjunction with fluorescent dyes to produce spectral emissions of 360-900 nm, with a power
pulse of 200-480 kW. If frequency doubling crystals are used in conjunction with a nitrogen
laser, UV emissions down to 260 nm are possible.

An alternative laser source of UVR is the excimer laser. (The term ‘excimer’ denotes a
homonuclear molecule which is bound in an electronically excited state but is dissociative in
the ground state [Phillips, 1983].) The wavelength of the pulsed UVR from this type of laser
depends on the excimer molecules, such as ArF, F,, XeCl and KrF, which emit at 193, 157,
308 and 248 nm, respectively (Phillips, 1983; Bos & de Haas, 1987). On the basis of worst-
case assumptions, the estimated annual risk for skin cancer for workers exposed to UV lasers
in medical applications is equivalent to about one additional day of sunbathing, and that for
workers exposed to UV lasers in laboratories is comparable to the risk for outdoor workers
(Sterenborg et al., 1991).

Quality assurance in the food industry: Many contaminants of food products can be
detected by UV fluorescence techniques. For example, the bacterium Pseudomonas
aeruginosa, which causes rot in eggs, meat and fish, can be detected by its yellow-green fluo-
rescence under UVA irradiation. One of the longest established uses of UVA fluorescence in
public health is to demonstrate contamination with rodent urine, which is highly fluorescent
(Ultra-Violet Products, Inc., 1977).

Insect traps: Many flying insects are attracted by UVA radiation, particularly in the
region around 350 nm. This phenomenon is the principle of electronic insect traps, in which a
UVA fluorescent lamp is mounted in a unit containing a high-voltage grid. The insect,
attracted by the UVA lamp, flies into the unit and is electrocuted in the air gap between the
high-voltage grid and a grounded metal screen. Such units are commonly found in areas
where food is prepared and sold to the public (Diffey, 1990a).
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Sunbed salons and shops: The continuing popularity of UVA sunbeds and suncanopies
for cosmetic tanning has resulted in the establishment of a large number of salons and shops
selling sunbeds for use at home. Some shops may have 20 or more UVA tanning appliances,
all switched on, thus exposing members of the public and staff to high levels (> 20 W/m?) of
UVA radiation (Diffey, 1990a).

Discotheques: UVA ‘blacklight’ lamps are sometimes used in discotheques to induce
fluorescence in the skin and clothing of dancers. The levels of UVA emitted are usually low
(< 10 W/m?) (Diffey, 1990a).

Offices: Signatures can be verified by exposing a signature obtained with colourless ink
to UVA radiation, under which it fluoresces. UVA exposure of office staff is normally to
hands, and irradiance is low (< 10 W/m?) (Diffey, 1990a).

(iv) General lighting

Fluorescent lamps used for general lighting in offices and factories emit small quantities
of both UVA and UVB. A UVA irradiance of 30 mW/m? (Diffey, 1990a) and a UVB irra-
diance of 3 mW/m? (McKinley & Whillock, 1987) were found for bare fluorescent lamps with
a typical illuminance of 500 lux. These UV levels give rise to an annual exposure of indoor
workers to no more than 5 MED, and this dose can be reduced appreciably by the use of
plastic diffusers (McKinlay & Whillock, 1987). A study of the personal doses of UVR
received by workers in the car manufacturing industry who were engaged in inspecting
paintwork of new cars under bright fluorescent lamps indicated a similar annual exposure
(Diffey et al., 1986). Most plastic diffusers reduce erythemally effective irradiance to 0.2% or
less of that of the bare lamp. An exception is clear acrylic diffusers, which absorb only about
20% of the erythemally effective radiation. The absorption of UVA radiation by diffusers is
less effective, transmission ranging from 1% for opal polycarbonate to 74% for clear acrylic
(McKinlay & Whillock, 1987). Spectroradiometric measurements of the UV levels from
indoor fluorescent lamps carried out in the USA, however, indicated much higher annual
doses for people exposed occupationally for 2000 h per year: The annual estimated exposure
dose ranged from 8 to 30 MED for an illuminance level of 500 lux from bare lamps (Cole et
al., 1985).

Desk-top lights which incorporate tungsten-halogen (quartz) lamps may result in
exposure to UVR of the hands and arms, if the lamps are used in excess of recommended
occupational exposure levels (McKinlay et al., 1989). Experimental studies have shown that
erythema can be induced in susceptible individuals after a 15-min exposure at 10 cm from a
100-W tungsten-halogen source, principally by the UVB component of the emission
(Cesarini & Muel, 1989). Tungsten-halogen lamps are also used for general lighting (e.g.,
spotlights, indirect lighting, floor lamps) in some countries.

(¢) Regulations and guidelines

(i) Cosmetic use
The most comprehensive guidelines for the use of sunlamps and sunbeds in cosmetic
tanning are those published by the International Electrotechnical Commission (1987, 1989).
The guidelines classify tanning appliances into one of four types according to the effective
irradiance at short (A < 320 nm) and long (320 < A <400 nm) UV wavelengths (Table 7).
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Table 7. Classification of tanning appliances

Type Effective irradiance (W/m?2)
X\ < 320 nm 320nm < X < 400 nm
1 < 0.0005 > 0.15
2 0.0005-0.15 > 0.15
3 < 0.15 < 0.15
4 > 0.1 <0.15

From International Electrotechnical Commission
(1989)

Effective radiance is defined as:

400

D E XS XA,

250
where E) is the spectral irradiance (W/m? x nm) at wavelength X (nm) at the shortest
recommended exposure distance; A is the wavelength interval used in the summation; and
Sy is the relative erythemal effectiveness recently adopted by the Commission Internationale
de I’Eclairage (McKinlay & Diffey, 1987), specified as shown in Table 8. The guidelines
recommend that the exposure time for the first session on untanned skin should correspond
to an effective dose not exceeding 100 J/m?; this is approximately equivalent to 1 MED for
subjects with sun-reactive skin type I. The annual exposure should not exceed an effective
dose of 25 kJ/m? (International Electrotechnical Commission, 1989).

Table 8. Specifications of relative erythemal effectiveness

Wavelength (\; nm) Relative erythemal effectiveness (S))
(weighting factor)

A < 298 1

298 < A < 328 100.094(298-\)

328 < A <400 100.015(139-))

From McKinlay & Diffey (1987); International Electrotechnical
Commission (1989)

Although these guidelines form the basis of several national standards on sunlamp and
sunbed use, it should be noted that variations exist; for example, in the Netherlands, Norway
and Sweden, certain UV appliances are not permitted. Regulations concerning the use of
tanning appliances are in force in only a few countries, but many others have published
advice on sunbed use, including information on adverse effects, as well as guidelines on
manufacturing standards.

(if)  Occupational exposure
Guidance on the maximal limits of exposure to UVR as a consequence of occupation is
given by the International Non-ionizing Radiation Committee of the International Radiation
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Protection Association. These exposure limits, which apply only to incoherent (i.e., non-
laser) sources, represent conditions under which it is expected that nearly all individuals may
be repeatedly exposed without adverse effects and are below levels which would be used for
medical or cosmetic exposure to UVR. The limits for occupational exposure to UVR
incident upon the skin or eye were considered separately for the UVA spectral region
(315-400 nm) and the actinic UV spectral region (UVC and UVB, 180-315 nm). In 1984, the
limit provided an equal spectral weighting between 315 and 400 nm, a maximal 1000-s
radiant exposure of 10 KJ/m? and a maximal irradiance of 10 W/ m? for longer periods (Inter-
national Non-ionizing Radiation Committee of the International Radiation Protection Asso-
ciation, 1985). Studies of skin and ocular injury resulting from exposure to UVA led the
Committee to issue revised exposure limits in 1988: For the UVA spectral region (315-400
nm), the total radiant exposure incident upon the unprotected eye should not exceed 1.0
J/cm? (10 kJ/m2) within an 8-h period, and the total 8-h radiant exposure incident upon the
unprotected skin should not exceed the values given in Table 6. Values for the relative
spectral effectiveness Sy, are given up to 400 nm to expand the action spectrum into the UVA
region for determining the exposure limit for skin exposure. For the actinic UV spectral
region (UVC and UVB, 180-315 nm), the radiant exposure incident upon the unprotected
skin or eye within an 8-h period should not exceed the values given in Table 6 (International
Non-ionizing Radiation Committee of the International Radiation Protection Association,
1989).

The effective irradiance (Eeg) in W/m? of a broad-band source weighted against the
peak of the spectral effectiveness curve (270 nm) is determined according to the formula:

E¢,=EEAXS1XAA,

where E) is the spectral irradiance (W/m? x nm) from measurements, Sy is the relative
spectral effectiveness (Table 6) and A, is the band-width (nm) of the calculation or
measurement interval (International Non-ionizing Radiation Committee of the Interna-
tional Radiation Protection Association, 1985).

The maximal permissible exposure time in seconds for exposure to UVR incident on the
unprotected skin or eye within an 8-h period is computed by dividing 30 J /m? by the value of
E.gin W/m? (American Conference of Governmental Industrial Hygienists, 1991). A worker
receiving the maximal permissible exposure of 30 J/m? per 8-h day will, in the course of a
working year, have a cumulative dose of 60-70 MED (Diffey, 1988), a value comparable with
the natural exposure of non-occupationally exposed indoor workers (Diffey, 1990a).

Occupational exposure limits to lasers were also defined by the International Non-
Ionizing Radiation Committee of the International Radiation Protection Association in
1989, at 3 mJ/cm? and 40 mJ/cm? over 8 h for argon-fluoride and xenon-chloride lasers,
respectively (Sliney, 1990).



2. Studies of Cancer in Humans

2.1 Solar radiation

2.1.1 Nonmelanocytic skin cancer

Nonmelanocytic skin cancer is classified into two major histological types: basal-cell
carcinoma and squamous-cell carcinoma. Basal-cell carcinoma is the commoner type in
white populations. No information was available to the Working Group on other types of
nonmelanocytic skin cancer.

(@) Case reports

In general, case reports were not considered, owing to the availability of more infor-
mative data.

(1)  Studies of xeroderma pigmentosum patients

Xeroderma pigmentosum is a rare autosomal-recessive genetic disease in which there is
an excision repair defect, as observed in cultured skin fibroblasts damaged by UVR (Cleaver,
1968). Patients display cellular and clinical hypersensitivity to UVR (Kraemer, 1980). The
disease is present in about one in 250 000 people in the USA and Europe (Cleaver &
Kraemer, 1989), and as many as 1 in 100 000 (Takebe ez al., 1987) or even 1in 40 000 (Cleaver
& Kraemer, 1989) people may be affected in Japan.

In a survey of 830 cases located through published case reports (Kraemer et al., 1987),
45% had malignant skin neoplasms. Most of the patients were young, and the median age of
development of the first skin cancer in the 186 patients for whom information was available
was eight years; this observation presumably represents a substantial excess over the ex-
pected number. Only 259 neoplasms were specifically categorized as basal- or squamous-
cell carcinoma in the published reports. Of these, 97% were on constantly exposed sites (face,
head and neck) by comparison with 80% of similar tumours in the US general population.
[The Working Group recognized that data collected from previously published case reports
is not uniform and may not be typical of a true incidence or prevalence series.]

(1)  Studies of transplant recipients

Australian renal transplant recipients were reported to have an increased risk for non-
melanocytic skin cancer (Hardie et al., 1980). Among 875 male and 669 female Australasian
recipients, aged 35-64, 47 squamous-cell carcinomas and 27 basal-cell carcinomas were
observed among males and 27 squamous-cell and 15 basal-cell carcinomas were observed
among females (Kinleneral., 1979). The rates/10° person-years for squamous-cell carcinoma
were 2680 in males and 1710 in females, or 3.0 and 5.9 times the rates observed among resi-
dents of the same age distribution surveyed in Geraldton, Western Australia (Kricker et al.,
1990). For basal-cell carcinoma, the rates for 1540 (males) and 940 (females) were 1.154 and
1.150 times the Geraldton rates, respectively.

~73-
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By February 1980, a registry in Denver, Colorado (USA), had received data on 906
organ transplant recipients who had developed 959 types of cancer: 42% arose in the skin, of
which 47% were squamous-cell carcinomas (Penn, 1980). While several studies from areas
with lower solar radiation are available (Boyle et al., 1984), neither singly nor collectively do
they contain enough observations to permit a comparable calculation.

(b) Descriptive studies

Nonmelanocytic skin cancer is often not recorded in cancer registries (e.g., in the USA
and in most parts of Australia), and when it is registered case ascertainment is likely to be
incomplete since many patients are treated in consulting rooms, frequently without histo-
logical verification (Doll et al., 1970). Thus, descriptive studies of the incidence of non-
melanocytic skin cancer can be difficult to perform because of the absence of routinely
collected data or difficult to interpret because of incomplete registration. Studies in Australia
and the USA have relied upon special surveys, while in the United Kingdom and the Nordic
countries data from cancer registries have been used. Studies of mortality rates are also
difficult to interpret because nonmelanocytic skin cancer is rarely fatal, and many deaths are
incorrectly attributed to skin cancer (Muir ef al., 1987).

A number of features of the occurrence of nonmelanocytic skin cancer as revealed by
descriptive studies have been taken as evidence that exposure to the sun is a major cause of
the disease. These include features presumed to be related to sun exposure such as sex,
anatomical site, latitude of residence (or annual dose of UVB radiation), migration from
places of low insolation to places of high insolation, occupation and features related to
sensitivity to the sun such as race (i.e., degree of skin pigmentation).

(i) Host factors

The occurrence of nonmelanocytic skin cancer according to host factors such as race
provides indirect evidence that sunlight is a cause. In most white populations, non-
melanocytic skin cancer occurs more commonly in men than in women (Muir et al., 1987).
The highest incidence rates have been recorded among Australians, who are largely of
British (Celtic) descent (Giles et al., 1988). Populations with greater skin pigmentation have
low rates of nonmelanocytic skin cancer, for instance, in South Africa (Oettle, 1963) and
Singapore (Shanmugaratnam et al., 1983).

Albinism is an inherited disorder of melanin metabolism, with a decrease or complete
absence of melanin. Large numbers of skin cancers (mostly squamous-cell carcinomas) have
been reported in albinos (Luande et al., 1985; Kromberg et al., 1989).

(ii) Anatomical distribution

The majority of cases of skin cancer recorded in cancer registries (Haenszel, 1963
[USA]; Whitaker et al., 1979 [United Kingdom]; Swerdlow, 1985 [United Kingdom]; Levi et
al., 1988 [Switzerland]; @sterlind et al., 1988a [Denmark}; Moan et al., 1989 [Norway]) and in
special surveys in the USA (Haenszel, 1963; Scotto et al., 1983) occurred on the head and
neck. In contrast, in two studies in Australia—one of incidence (Giles et al., 1988) and the
other of prevalence (Kricker et al., 1990)—the proportions of cancers on the head and neck
were lower. [The Working Group noted that the contrasting results may be due to time
differences.] In the incidence survey, 43% of squamous-cell carcinomas and 66% of
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basal-cell carcinomas were on the head and neck. In the prevalence survey, about one-third
of all basal-cell carcinomas were on the head and neck, whereas the trunk accounted for
about half of these lesions. The density of tumours was five times greater in men and eight
times greater in women on usually exposed sites than on sites which were sometimes exposed.
Squamous-cell carcinomas occurred almost exclusively on exposed sites. The site distri-
butions of both types of nonmelanocytic skin type are generally similar in the two sexes
(Dsterlind et al., 1988a; Moan et al., 1989; Kricker et al., 1990).

A distinctive feature of the site distribution of basal-cell carcinoma is a virtual absence
on the dorsa of the hands and infrequent occurrence on the forearms, compared with the
distribution of squamous-cell carcinoma (Haenszel, 1963; Silverstone & Gordon, 1966; Levi
et al., 1988; Magnus, 1991). Basal-cell carcinoma also occurs frequently on parts of the face
that receive comparatively little sun exposure (Urbach et al., 1966).

[The Working Group noted that cancers on the head and neck may be more likely to be
diagnosed than cancers at other sites.]

(iii) Geographical variation

Nonmelanocytic skin cancer incidence and mortality have long been known to increase
with increasing proximity to the equator. Gordon and Silverstone (1976) demonstrated a
negative correlation between incidence of nonmelanocytic skin cancer in various countries
and latitudes by tabulating the incidence according to latitudinal zones. Much of the early
evidence came from surveys conducted in the USA. In the first of these, Dorn (1944a,b,c)
reported the results of the US First National Cancer Survey conducted in 10 urban areas in
1937-38. [Nonmelanocytic] skin cancer incidence was greater among whites living in the
south than in the north of the country. Blum (1948) subsequently reanalysed these data,
substituting latitude for place of residence, and showed a strong inverse relationship between
incidence of mostly nonmelanocytic skin cancer and latitude. No other cancer, with the
exception of the buccal cavity (including the lip), showed a similar latitude gradient.

Auerbach (1961), using data from the US Second National Cancer Survey conducted in
1947-48 in the same areas as the previous survey, calculated that the age-adjusted rates for
skin cancer doubled for each 3 °48 ' (approximately 265 miles) of latitude towards the
equator; similar gradients were seen for men and women and in all age groups. Haenszel
(1963) reanalysed data from this survey for four southern and four northern cities. The
inverse gradient with latitude was present for both basal-cell and squamous-cell carcinoma.
In addition, there was some evidence that the gradient was strongest for head, neck and
upper limbs (sites which are usually exposed).

A similar latitude gradient was seen in the US Third National Cancer Survey (Scotto
et al., 1974). Inverse latitude gradients have also been reported in Australia (Silverstone &
Gordon, 1966; Giles et al., 1988) and in the Nordic countries (Teppo et al., 1980; Moan et al.,
1989; Magnus, 1991).

Several authors have correlated nonmelanocytic skin cancer incidence (or mortality)
with estimates of UVR. Greenet al. (1976) reported a positive correlation between estimates
of annual UV dose and of incidence rates in the USA, the United Kingdom, Canada and
Australia. Estimates of UV dose were derived from models relating latitudinal and seasonal
ozone distributions, adjusted for cloud cover. [The Working Group noted that no allowance
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was made in the analysis for different methods of case ascertainment. It is not clear how well
the predicted values were correlated with actual levels of UVR.]

A positive correlation, stated to be stronger than that for latitude, was seen between
UVR, as measured by Robertson-Berger meters, and the incidence of nonmelanocytic skin
cancer in four cities in the US Third National Cancer Survey (Scotto et al., 1982). Scotto et al.
(1983) examined incidence data collected in eight cities in 1977-78 and again showed an
inverse relationship with latitude and a positive correlation with measurements of UVR. The
gradient was steeper for squamous-cell than for basal-cell carcinoma.

Moan et al. (1989) examined nonmelanocytic skin cancer incidence in six regions of
Norway from 1976 to 1985, excluding the area around Oslo to reduce bias due to possible
differences in reporting and diagnosis. Two measures of UVR, one weighted according to the
action spectrum for erythema and the other according to the action spectrum for mutagenesis
in cells in the basal layer of the skin, were derived from atmospheric models. Similar, positive
relationships between UVR and nonmelanocytic skin cancer incidence were obtained with
each method.

Elwood et al. (1974) conducted a study of mortality from nonmelanocytic skin cancer in
the contiguous states of the USA and in all of the provinces of Canada in 1950-67. The
correlation between latitude and mortality was as strong as that between mortality and an
index of UVR derived from a model relating erythemal dose according to latitude with
adjustments for cloud cover.

(iv) Migration

Studies of migrants to Australia (and other countries with high exposure to the sun) offer
the opportunity to examine, indirectly, the effect of exposure to the sun. Most migrants to
Australia come from higher latitudes which have lower levels of exposure to the sun than
Australia. The effect of exposure to the sun is most readily examined in migrants from the
British Isles to Australia, from whom most Australians are descended.

Armstrong et al. (1983) found that the age-adjusted mortality rate among men born in
England or Wales was 0.55 (95% confidence interval (CI), 0.43-0.71) times that in
Australian-born men. There was little evidence that rates in migrants increased with duration
of residence in Australia, although the numbers of deaths were small and the rates unstable.

Giles et al. (1988) found age-adjusted incidence rates of 402 per 100 000 person-years
among immigrants from the British Isles and 936 in the Australian-born population.

(v) Occupation

Death certificates for 1911-44 in England and Wales were used in an analysis of cancer
of the skin, excluding melanomas, in male agricultural workers, miners and quarriers and
professionals (Atkin et al., 1949). During part of the period (1911-16), cancers of the penis,
scrotum and skin were classified together, and the numbers of cancers of the skin alone were
estimated from the proportions occurring in the later period. The standardized mortality
ratios (SMRs) were greater for those engaged in agriculture (142.4 [137.4-147.6]) than for
those in mining (94.4 [88.8-100.3]), and lowest of all for professionals (47.5 [42.6-52.9]).

Whitaker et al. (1979) examined occupations among cases of squamous-cell carcinoma
reported to the Manchester Regional Cancer Registry, United Kingdom, in 1967-69. The
occupations of 23% of cases were not ascertained. In men, standardized registration ratios
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(SRRs) were elevated for textile workers (238; p < 0.001) and farmers (243;p < 0.001). The
SRR was also high for female farmers (690; p < 0.001). Male fishermen, chemical workers
and paper/printing workers had high SRRs for squamous-cell carcinoma of the arm, and
building workers for squamous-cell carcinoma of the ear.

The association between occupation and nonmelanocytic skin cancer was examined in
England and Wales in 1970-75 in a 10% sample of all male incident cases for which occu-
pation was recorded (Beral & Robinson, 1981). Individuals were assigned, on the basis of
stated occupation, to one of three groups: outdoor workers, indoor office workers and other
indoor workers, according to the classification of occupations of the Office of Population
Censuses and Surveys. The SRRs for men aged 15-64 were 110 [95% CI, 109-116] for
outdoor work, 97 [92-103] for office work and 92 [86-89] for other indoor work. Since place
of work may be confounded with social class, the analyses were repeated for men aged 15-64
years in social class III; the SRRs were 112 [102-122] for outdoor work, 111 [100-123] for
office work and 85 [78-92] for other indoor work.

VAgerd et al. (1986) linked cancer incidence data in Sweden from 1961 to 1979 with
census data from 1960 to determine the occupations of cases of nonmelanocytic skin cancer.
Occupations were classified into three main groups: office workers, other indoor workers
and outdoor workers. SRRs standardized for age, county of residence and social class, were
slightly higher for outdoor workers (106; 95% CI, 101-112) than for office workers (103;
96-110) and other indoor workers (95; 91-100). The authors noted that registration may
have been more complete among high socioeconomic groups.

(c) Cross-sectional studies

Design features of cross-sectional studies of exposure to the sun are summarized in
Table 9, and the results are shown in Table 10.

A population-based survey of the prevalence of nonmelanocytic skin cancer [types not
separated] was conducted in County Galway, Ireland (O'Beirn et al., 1970). Exposed areas of
skin were examined for the presence of cancers. In the 26 cases found, there was no signi-
ficant association with frequent severe sunburn for basal-cell or squamous-cell skin cancer;
among males, there was a positive relationship between cumulative hours of exposure to
sunlight and the prevalence of nonmelanocytic skin cancer.

Silverstone and Gordon (1966) and Silverstone and Searle (1970) reported the results of
three surveys in Queensland, Australia. Exposed areas of the skin were examined, and
subjects were asked to report previously treated nonmelanocytic skin cancer {types not
separated]. Women performing home duties were classified as indoor workers. Outdoor
occupation showed a weakly positive association with past and present incidence in men and
a negative association in women.

Holman et al. (1984a) conducted a population-based survey of 1216 subjects in western
Australia. After controlling for age, cutaneous sun damage (as assessed by microtopography)
was strongly related to a past history of nonmelanocytic skin cancer.

Engel et al. (1988) analysed data on basal-cell epithelioma (carcinoma) from the First
National Health and Nutrition Examination Survey in the USA (1971-74). Dermatologists
diagnosed skin cancers and assessed actinic skin (solar) damage, but histological con-
firmation of the diagnosis was not obtained routinely. Strong associations between the
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prevalence of basal-cell epithelioma and solar skin damage were seen in both men and
women.

Green et al. (1988a) conducted a survey of the prevalence of nonmelanocytic skin cancer
[types not separated for calculation of RR] in Queensland, Australia. Information about
exposure to the sun was obtained from questionnaires; dermatologists diagnosed skin
cancers and assessed signs of actinic damage (solar lentigines, telangiectasia of the face, solar
elastosis of the neck and solar keratoses). After adjustment for age, sex, skin colour and
ability to tan, outdoor occupation and number of sunburns were both weakly associated with
increased prevalence. Stronger associations were seen for cutaneous indicators of sun
exposure, particularly for solar lentigines on the hands and telangiectasia on the face.
Recreational exposure was not associated independently with nonmelanocytic skin cancer.

In a later report (Green, 1991), the occurrence of nonmelanocytic skin cancer was posi-
tively correlated with grade of cutaneous microtopography.

In a subsequent study (Green & Battistutta, 1990), subjects were asked to report
nonmelanocytic skin cancer treated between 1 December 1985 and 30 November 1987,
around the survey in 1986. Medical records were searched to confirm the diagnoses. Subjects
who had had a skin cancer diagnosed at the prevalence survey were excluded. Outdoor occu-
pation, outdoor leisure activities and number of sunburns showed little association with
basal-cell carcinoma in an analysis including past history of skin cancer. All three variables
were related to incidence of squamous-cell carcinoma. [The Working Group noted that the
exclusion of subjects found to have skin cancer during the prevalence survey makes inter-
pretation of these results difficult. The inclusion of past history of skin cancer in the analysis
would have weakened any association with exposure to the sun.]

Vitasa et al. (1990) conducted a survey of the occurrence of nonmelanocytic skin cancer
among men engaged in traditional fishing practices (‘watermen’) in Maryland, USA. Subjects
were examined by dermatologists and interviewed about their history of exposure to the sun.
Estimates of individual annual and lifetime doses of UVB radiation were made by weighting
the ambient UVR by a history of occupation and outdoor activities and by taking into
account relative doses recorded by film dosimeters on the face. Patients with squamous-cell
carcinoma aged 15-60 had had an 11% higher annual dose of UVB radiation and those with
basal-cell carcinoma had had an 8% lower annual dose than that of age-matched watermen
without cancers. The effect of cumulative UVB radiation was examined after adjustment for
age, eye colour, childhood freckling and skin reaction to sunlight, all of which were positively
associated with occurrence of both types of nonmelanocytic skin cancer. Cumulative UVB
radiation dose was not associated with basal-cell carcinoma but was positively associated
with squamous-cell carcinoma. The latter association was significant in a comparison of the
top quarter of cumulative UVB versus the bottom three-quarters but not in a comparison of
exposures above and below the median. [The Working Group noted that the results for the
two types of cancer are not necessarily incompatible, both because of the small number of
cases and the fact that the diagnosis was confirmed histopathologically in only 62%.]



79

STUDIES OF CANCER IN HUMANS

BWIOUIDIED [[30-snowenbs ‘))g ‘ewouried 1122-1eseq ‘QDdg

PO S1B34 Of < vsn
9191dwoou J0S §¢€ 2004 €€ %0L 8€8  UdWUIAYSI) ey 98-S861 ‘puelrep (0661) 1 12 eseup
(sp10231 [ed1PIW WOI]
pauLtjuos) paurodai eljensny (0661) ENIMISHIIRG
aRidwoduy  -jjas DS 17 DDA 99 %8 0LLT paseq-uonendog L8-S861 ‘anoqureN ® uIH
[Ajuo swieaiog
/Spuey/yoauypesy uo
pautwexa s193[qns jo eljensny
S9A %06] DDS 10 D04 T %8L-0L $607 paseq-uoneindog 9861  unoqueN  (eggel) v 42 UIAID
[uorodosd paiers
1iews] a19(dwooug 1ou QI ‘HDg %L L€9 0c paseq-uoneindod  p/-1/61 vsn (8861) 1 12 ]P8ug
elfensny
WIIISOM
ON patels jou adfy ‘zor 9121 paseq-uonemndog 1861 ‘uopassng  (epgel) v 42 uRWIOH
(0L61) dpeag
s3oepns pasodxa BIRNSOY 29 JUOISISALIS “(9961)
ajadwooug uo 9)S 10 DDY 122 %L8 0077 moqy  paseq-uoneindog £9-1961 ‘PUB[SUIINY  UOPIOD) % JUOISIFA[S
puepaIg
saisdoiq pey Ajuo sans pasodxa %18 ‘femren
%L dRIdwodu; U0 JOS €1 D09 €1 "xoxddy 8€€T  paseq-uonendog 0961 funoy  (oL6T) 7w 12 uneg,0
UOH BWLIUOD el eYaly sisougerp
rea1dojorsiy sase) asuodsoy ardweg uoneindog  jo pouag Joeld CRIEIE) e

13oued unys androuepwuou pue ainsodxa uns jo sarpnys

[BUO130935-5504) JO saanjeaj udisaq *6 3|qel




IARC MONOGRAPHS VOLUME 55

a8ewep oyunoe Jo sufis
19410 pue x3s ‘afe 10§ passalpy

9Fewep ounoe jo sudis
19Y310 pue xas ‘a8e 10} pasnipy

wnquns 03 Ansuadoad pue
Inojoo unys ‘xas ‘a3e 10j paisnipy

winquns 03 Ansuadoid pue
INood urys ‘xas ‘ae 10j paisnipy

10'0 > d ‘one1 aduaea

-31d paisnlpe-a8e ‘vowom ‘Oog
100 > d ‘onei aduaeA

-a1d pajsnlpe-a8e ‘usw ‘HHg

a3e 103 paisnlpe puan ppog = d
jusunsnipe ou ‘erep

MeI woiy pajejnared 19 < 4|
€0 = arenbs-1yo ‘vswop
jusunsnipe ou ‘ejep

MBI WOy pare[nofed {10 < d
$'1 = a1enbs-1yo ‘GO

[e00 = 4]

©)ED MEI WOIJ Paje[noed

‘s189£ 09 < pade ueapy

(11°L1-6L°0) L9°E
(ov'8-68'0) vLT
(LS'v-85°0) €9'1

001

Iy €1-90'1) 8L°€
(LLy-sv0) ev1
(SE'€-8L°0) 19'T

001
(¥9'9-65°0) 99°1
(S6'Z-1¥°0) 60°1
(19°2-2Z0) LLO

001
(S0'y-LL"0) 9L'T
(IE€Z-470) 10T

001

[09]

01
[0'8]
01
6
9€
6€
01

[90]
01
l6z°1)
01

[(z8ve-z'1) 01°8]
001

919A9§

31BIIPON
PITIA
uoON

1Z<
0Z-T1
01-1
UON
9<
§-T

I
UON

sioopinQ
$100pPINO pue S100puU]
sio0puj
Auy

AUON

Kuy

QUON

9 ape1n

§ apern

p ape1n
€-1 sapein)

s100pINQ
SI00pU]

s100pINQO
s100puj

4000 05 <
Yy 000 0€ >

908} UO eISe1d31dueaL,

Spuey uo sauIdnua| 1ej0S

suInquns [nyure

amnsodxa jeuonednanQ

afewep unys Jej0g

Aydergodojoioiu snosuein))

uontednooQ

uonedndnQ

(oumapy) sinoy 1ydijung

(e8861) 17 12 UAID

(8861) '1p 42 198ug

(ey861) v 12 uRWIOH

(oLe61)
18IS 2 JUOISIAJIS

(oL61) “1v 12 umag,O

sluaWwwo))

(1D %56) one1 sppQ

sou0391e)

a1nsodxa Jo xapuj

Uy

J32UBd UD{S JNAIOUB[IWUOU JO SIAPNJS [BUOIJIAS-SSOII JO SI[NSAI Jo ArBwwng ‘(] dqeL,



81

STUDIES OF CANCER IN HUMANS

(zzi-L0) 0€ 9 <
130ued uiys jo Kiosyy ised pue (€21-6'0) €€ 4
Inojod unys ‘xas ‘afe 10j passnlpy 01 -0 swinquns [njuted jo ‘oN
(60£-5°0) 6°¢ s100pIN0 Ajuiey
190ued urys jo A101s1y ised pue (6'61-2°0) 02 SJOOPINO pue S100pu]
Inojo2 uys ‘xas ‘afe 10§ pasnlpy 01 s1o0put AJutepy aInsodxa a1nsiay
(Tgz-r1) 8% s100pIN0 Ajurep
190ued unys jo A101s1y ised pue 6°02-60) v'¥ SJOOPINO pue S1I00puU]
Inojod umys ‘xas ‘afe 10j paisnipy 01 s100put Kjuiepy ainsodxa reuonednaog
208
(s'z-v0) 01 9 <
($'1-€0) 90 $-Z
130ued urys jo A101s1y ised pue W1-z0) S0 I
Inojod urys ‘xas ‘afe 10§ paisnlpy o1 JUON swnquns [njured jo ‘oN
(€1-€0) 90 s100pINo A[urep
19oued wiys jo K1oisty jsed pue CTv0 01 $100PINO PUE SIOOPU]
InoJ0d urys ‘x3s ‘a8e 10y paisnlpy 01 s100pui Ajurepy ainsodxa 21nsta
8790¢T $100pINo AJurep
J32ued urys jo K101s1y 1sed pue (67-8°0)S'1 $I00PINO pue S1I00puU|
Inojod urys ‘xas ‘a8e 10§ paisnipy 01 s100pui Ajurepy ansodxa jeuonednang (0661)
DD  enmsmeg » udain
(STOT-€L°0) TLT Is <
(69'91-+5°0) 00°€ 05-12
(¥0'5-69°0) 98'1 029
adewep dunoe jo sudss (65°€-L9°0) SS°'T -1
1330 pue xas ‘afe 107 paisnlpy 00T JUON 90¥j UO $3501819Y IB[OS
(Sb'$-95°0) SL'T 919A9§
sdewrep dmunde jo sudis (08°€-€5°0) T’ 3lesapow 01 PN (P1uoo)
13130 pue xas ‘ade 10§ pasnlpy 00’1 SUON ¥29U UO SIS0lSELd JIUNoY (eg861) v 12 u32ID)
siwawwo) (1D %S6) oner sppO sau0gaie) 31nsodxa jo xapuj UIY

(P1u0d) o1 2qeL,




IARC MONOGRAPHS VOLUME 55

82

19y12901 s2d£1 om) 9y} 10§ a1e saskjeue (e ‘pa1j1dads ISIMIBYIO SSI|UN [BWOUIIIED f129-snowenbs ‘)¢ ‘ewoutored {j33-1eseq QDM

uo013o¥a1 urnquns pue Jurj
%9315 “1n0}0d 243 ‘2Fe 10§ paisn|
-pe ‘sonei sppo ajeuornodold

uotdeal wnquns pue ur|
-¥9315 ‘1002 3£ ‘a8e 10§ pajsnl
-pe ‘sonel sppo ajeuorodold

7080 11°T
01
(€S°1-1€°0) 69°0
01

(ovs-81'1) €5
01
(10's-+¥8'0) S0OT
01

amuadiad gL aoqy
amuaasad ¢ mojod

ueRIP3UI JAOQY
ueIpIW MO[ag

amuaoiad g7 aaoqy
amu3azad g mojag
URIPIUE JA0QY
ueIpaw Mooy

20ej 01 950p A 2AnE[IWN)
204

908} 01 950p A dAneWN)
foJoly (0661) ‘1D 12 esenp

SJUWWO))

(1D %S6) one1 sppO

sau0dae)

aansodxa Jo xapu] 20UIIJNY

(Pyu0d) o1 3qBL
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(d) Case—control studies

Design features of the case-control studies of exposure to the sun and the occurrence of
nonmelanocytic skin cancer are summarized in Table 11. Most of the studies employed
hospital- or clinic-based controls, which introduces potential for selection bias. The results
are summarized in Table 12. The methods of analysis and of measurements of exposure to the
sun, particularly in the earlier studies, were crude. Neither sensitivity to the sun, usually
measured as the ability to tan or propensity to burn, nor pigmentary characteristics (such as
skin colour and hair colour), which are likely to be confounding variables, were taken into
account in most of the analyses.

The hospital-based study of Lancaster and Nelson (1957) in Sydney, Australia, was
primarily a case-control study of melanoma (described in detail on p. 100). It can also be
considered to be a case-control study of nonmelanocytic skin cancer, however, because it
included two control groups—one of patients with basal-cell carcinoma, squamous-cell
carcinoma or solar keratosis and the second of patients with leukaemia or cancer at a site
other than the skin. All groups were matched by age and sex. Among males, long duration of
occupational exposure to the sun was associated with an increased risk for nonmelanocytic
skin cancer or solar keratosis. A summary of total exposure to the sun was devised by
assigning scores to a number of factors considered to be related to exposure to the sun. Risk
was highest among subjects judged to have excessive exposure to the sun. [The Working
Group noted that the proportion of cases who had a solar keratosis is not stated, that no
account was taken of matching in the analyses, and that the effect of exposure to the sun was
not adjusted for sensitivity to the sun.]

Gellin et al. (1965) conducted a study in a single hospital in New York, USA, on 861
patients with basal-cell carcinoma and 1938 non-cancer dermatological patients attending
the same clinic. Since 95% of cases and 43% of controls were 40 years old and over, the study
was limited to these patients, resulting in 771 cases and 783 controls. The skin cancer patients
spent more time outdoors per day than did control patients and were significantly more likely
than controls to have light hair, fair complexion, blue eyes and an inability to tan. [The
Working Group noted that the analyses were not adjusted for age, sex or sensitivity to the sun,
and that confounding by age is likely because controls were younger than cases.]

Urbach et al. (1974) conducted a hospital-based study in Philadelphia, USA, and
compared exposure to the sun of 392 patients with histologically confirmed basal-cell carci-
noma, 59 patients with histologically confirmed squamous-cell carcinoma and 281 out-
patients receiving treatment for a skin disease other than cancer. Controls were matched to
cases by age and sex. Among male patients, those with basal-cell or squamous-cell carcinoma
had more cumulative hours of exposure than did controls. Skin cancer patients also reported
more sunburns. [The Working Group noted that the analyses were not adjusted for ability to
tan, age or sex (apart from the sex-specific analysis).]

Vitaliano (1978) subsequently reanalysed the data of Urbach et al. (1974) and showed
that, after adjustment for complexion (dark versus pale), ability to tan and age ( < 60, = 60),
the cumulative time spent outdoors was related to both types of nonmelanocytic skin cancer.
For basal-cell carcinoma, the odds ratio for > 30 000 h of exposure relative to < 10000 h was
3.19; for squamous-cell carcinoma it was 22.8. [The Working Group noted that confi-
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dence intervals were not given. Part of the apparently stronger effect for squamous-cell
carcinoma could be due to confounding by age: the controls were matched by age to the
basal-cell carcinoma cases, who were younger than the squamous-cell carcinoma cases.]

A hospital-based case-control study was conducted in Montréal, Canada (Aubry &
MacGibbon, 1985), in which patients with histologically confirmed squamous-cell carci-
noma were identified in hospitals in 1977-78. Two patients with other conditions were
matched as controls to each case by age, sex and hospital. Information on exposure to the sun
was obtained from a postal questionnaire. Among 306 eligible cases, 94 (31%) replied, asdid
186 (30%) of the eligible controls; 92 cases and 174 controls completed the questionnaire.
Most of the controls who replied had been seen for seborrheic keratoses (61%) or intra-
dermal naevi (16%). Scores for nonoccupational and occupational exposures were esti-
mated, and the two scores were divided into thirds for analysis, which was based on logistic
regression. The odds ratios, adjusted for each other and for host factors, were 1.08 and 1.64
for the middle and upper thirds of occupational exposure and 1.23 and 1.58 for the same
levels of nonoccupational exposure, respectively. [The Working Group noted the low
response rate and that the complexity of the recreational exposure to sun indices and the
nature of the control group make the results difficult to interpret.]

O’Loughlin ez al. (1985) conducted a case-control study in a hospital in Dublin, Ireland.
Patients with histologically confirmed nonmelanocytic skin cancer [types not separated] were
compared with age- and sex-matched patients who had cancers of other organs. There was no
statistically significant difference between cases and controls in eight measures of exposure
to the sun summarized in a single index of exposure and either type of nonmelanocytic skin
cancer. [The Working Group noted that the measures of exposure to the sun were crude and
likely to be subject to considerable misclassification. No adjustment was made for sensitivity
to the sun.]

Herity et al. (1989) conducted a case-control study in the same hospital in Dublin of 396
histologically confirmed nonmelanocytic skin cancers in 1984-85. An equal number of age-
and sex-matched patients with other cancers, attending the same hospital, were used as
controls. More cases than controls lived in rural areas (p = 0.007), and cases reported more
frequently spending more than 30 h outdoors per week, but the difference was not significant.
For other indices of exposure to the sun, there was little difference between cases and
controls. [The Working Group noted that results were not adjusted for reaction to sunlight.]

In a case—control study (reported as an abstract) conducted in 1983-84 in Alberta,
Canada (Fincham & Hill, 1989), 225 men with basal-cell carcinoma and 181 men with
squamous-cell carcinoma were compared with 406 age-matched male controls. Sunburn in
adult life gave an odds ratio of 2.33 (p < 0.05) for all nonmelanocytic skin cancer; for basal-
cell carcinoma, childhoood sunburn gave an odds ratio of 2.48 (p < 0.05) and peeling an
odds ratio of 1.85 (p < 0.05).

A population-based case-control study was conducted in Saskatchewan, Canada
(Hogan et al., 1989), which included all patients diagnosed with basal-cell carcinoma in the
Province in 1983. Two controls, matched by year of birth, sex and municipality of residence,
were selected for each case from a universal Provincial health insurance plan. Replies to
mailed questionnaires were received from 55.5% of the cases and 43.7% of the controls. A
number of measures of exposure to the sun were associated with incidence of basal-cell
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carcinoma. In a stepwise logistic regression analysis, occupation as a farmer, history of severe
sunburn and working outdoors for more than 3 h per day in winter were independently
associated with basal-cell carcinoma, after adjustment for freckles in childhood, family
history of skin cancer, ‘Celtic’ mother, skin colour and hair colour. [The Working Group
noted that the measures of exposure were crude and that the estimates do not appear to have
been adjusted for the matching variables. The low response rate makes interpretation of the
results difficult.]

On the basis of a population-based survey in Western Australia in 1987 of skin cancer
among residents aged 40-64 years of age (Kricker et al., 1990), Kricker et al. (1991a)
conducted a case-control study of 226 confirmed cases of basal-cell carcinoma and 45 of
squamous-cell carcinoma; two sets of 1015 controls with no lesions, who had completed an
interview, were available for each type of cancer. The response rate among those eligible to
participate was identical for cases and controls: 89%. Separate analyses were undertaken for
basal-cell carcinoma and squamous-cell carcinoma using unconditional logistic regression
analysis. Risks for both cancers were higher in native-born Australians than in migrants, and
the risk for basal-cell carcinoma decreased with increasing age at arrival in Australia. Only
four of the subjects with squamous-cell carcinoma had been born outside Australia—an
insufficient number to examine the effects of age at arrival. Indicators of sun damage to the
skin (facial telangiectasia, solar elastosis of the neck, facial solar lentigines and number of
solar keratoses), assessed by dermatologists during the prevalence survey, were examined in
models adjusted for age, sex, ethnicity and migrant status and including all other sun damage
indicators except solar keratoses, which were considered to be preneoplastic lesions and thus
inappropriate for inclusion in models concerned with etiology. Cutaneous microtopography,
an objective measure of actinic skin damage, graded without knowledge of the person’s skin
cancer status, and solar elastosis of the neck had significant residual effects for basal-cell
carcinoma, while solar elastosis and facial telangiectasia had significant residual effects for
squamous-cell carcinoma. The independently significant indicators of sun damage were
analysed in models which included adjustment for age, sex, ethnicity and migrant status as
well as measures of sun sensitivity. Solar elastosis of the neck remained an independent
predictor of risk of basal-cell carcinoma (odds ratios, > 1.50; p = 0.003) and squamous-cell
carcinoma (odds ratios, > 2.00; p = 0.04).

A subsequent analysis of individual sun exposure was published as an abstract (Kricker
et al., 1991b). A positive association was found between nonmelanocytic skin cancer and
life-time potential for exposure to the sun, but no evidence of increasing risk for either
basal-cell carcinoma or squamous-cell carcinoma with increasing total hours of actual
exposure to the sun as recalled by subjects. Risk for basal-cell carcinoma on the trunk was
increased substantially in association with maximal exposure of the trunk to the sun, but
there was no consistent pattern of association of site-specific basal-cell or squamous-cell
carcinoma with exposure of the head and neck or limbs. Neither basal-cell nor squamous-cell
carcinoma showed evidence of an association with sun exposure on working days; however,
there was persuasive evidence of increased risk for both types of skin cancer with
intermediate and high levels of accumulated exposure to the sun on non-working days.
Moreover, there was evidence of an association, stronger for basal-cell carcinoma than for
squamous-cell carcinoma, with a measure of intermittent exposure to the sun.
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Gafa et al. (1991) conducted a case-control study of nonmelanocytic skin cancer in
Sicily, Italy, in which 133 cases identified from a population-based registry (response rate,
94%) were compared with 266 sex- and age-matched controls. For each case, one control was
selected randomly from among patients with non-neoplastic diseases at the same hospital as
the case, and a second control was selected randomly from among friends or relatives of the
case. After adjustment for family history of skin cancer, ‘cancer-related cutaneous disease’,
skin colour and skin reaction to sunlight, sun exposure for at least 6 h per day and residence
for at least 10 years at more than 400 m above sea level were significantly related to risk for
nonmelanocytic skin cancer. In crude analyses in which the two types of cancer were
separated, sun exposure for at least 6 h per day without a hat was strongly associated with risk
for squamous-cell carcinoma [site unspecified] (odds ratio, 6.4; 95% CI, 1.9-21.1) but not for
basal-cell carcinoma (1.4, 0.7-2.6). [The Working Group noted that the nature of the control
group, the assessment of exposure and the failure to account for age in the analysis make the
results difficult to interpret. The crude analysis of the type-specific results, the lack of data on
the site of the tumours and the small numbers may explain the different results for the two

types.]

(¢) Cohort studies (Tables 13 and 14)

In a study in Chicago, IL. (USA), Robinson (1987) investigated the incidence of second
nonmelanocytic skin cancer among a group of 1000 patients who had had basal-cell carci-
noma. Among 978 who were followed for five years after the initial diagnosis, 22% deve-
loped a second basal-cell carcinoma at the end of the first year and 36% within five years.
There was no significant correlation between developing a second cancer and frequent expo-
sure through sunbathing or outdoor leisure activities, work or currently living in an area with
heavy exposure to the sun, or according to estimated number of hours of daily exposure to the
sun. Among those with skin types I and II (always burn easily and never or minimally tan) who
reported frequent sun exposure, there was an increased risk of second cancer (p < 0.03).
[The Working Group noted that the methods of assessing exposure and the methods of
analysis were not described, and that no numbers were reported. Risk factors for second
cancers might not be the same as for the first.]

Marks et al. (1989) conducted a longitudinal series of examinations of the head, neck,
forearms and hands of a population in Maryborough, north-central Victoria, Australia, for
one week annually between 1982 and 1986. The incidence rates of squamous-cell and
basal-cell carcinoma were higher in outdoor workers than in indoor workers. Inan analysis of
the two types combined, occupation was not significantly associated after adjustment for age,
sexand reaction to sunlight (p = 0.09). [The Working Group noted that no account was taken
of lesions that might have been removed between surveys.]

Hunter et al. (1990) conducted a study of basal-cell carcinoma in a cohort of female
nurses in the USA. A total of 771 cases were identified from responses to follow-up ques-
tionnaires sent to the women two and four years after the initial exposure questionnaire was
given. In a sample of 29 women, the diagnosis was confirmed for 28; confirmation of the
diagnosis was not obtained routinely. Residents of California and Florida had the highest
incidence rates. There was a trend of increasing incidence with increasing number of sun-
burns. With respect to time spent outdoors during the summer, nurses who spent more than
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8 h per week outside and who used sunscreens had
women who spent the least time outdoors were
outdoors and did not use sunscreens, [The Working
in nurses using sunscreens, despite control for rea
confounding.]

91

the highest incidence rates. The rates in
similar to those who spent more time
Group noted that the high incidence rate
ction to sunlight, might be due partly to

Table 13. Design features of cohort studies of sun exposure and nonmelanocytic skin cancer

Reference Place Period of  Population Sample Response Cases Histological
diagnosis size rate confirmation
Robinson Chicago, IL,  Not stated Patients 1000 98% BCC, Not stated
(1987) USA with approx. 350
previous
BCC
Mark Maryborough, 1982-86 Population- 1981 74% 358CC; 113 Yes
et al. Australia based BCC on light-
(1989) exposed
surfaces only
Hunter USA 1980-84 Female 73366 74% 771 BCC Not routinely
et al. nurses (self-reported) [records of
(1990) 28 out of
sample of 29
confirmed]

BCC, no. of people with basal-cell carcinoma; SCC, no. of people with squamous-cell carcinoma

() Collation of results

(i)
Consisten
lower risk for
for host facto
Australia was

Total sun exposure: potential exposure by place of residence

t with descriptive data in a case—contro] study, migrants to Australia had a
Squamous-cell carcinoma than did native-born Australians, after adjustment
rs related to risk for nonmelanocytic skin tumours. Late age at arrival in
associated with a lower risk for basal-cell carcinoma (Kricker et al., 1991a).

(i)  Biological responses to total sun exposure
Cross-sectional studies and a case—control study are consistent in showing a strong
ndicators of sun damage and both types of nonmelanocytic
skin cancer. In most studies, the indicators of damage and diagnoses of skin cancer were
made by the same examiner, but Cutaneous microtopography, graded without knowledge of
outcome, also showed strong associations,
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(iii) Total sun exposure assessed by questionnaire
No effect of time spent outdoors during summer was seen in a cohort study of basal-cell
carcinoma (Hunter et al., 1990). In a cross-sectional study of fishermen, cumulative exposure
to UVB radiation was positively associated with the occurrence of squamous-cell carcinoma
but not of basal-cell carcinoma (Vitasa et al., 1990). The different results may be attributable
in part to small numbers and incomplete histopathological confirmation of diagnoses.

(iv) Occupational exposure
In two studies from Australia, outdoor occupation was not significantly associated with
the prevalence of the two types of carcinoma combined (Green et al., 1988a) or with the
incidence of squamous-cell carcinomas (Marks et al., 1989).

(v) Sunburn
A cohort study of basal-cell carcinoma in the USA showed a trend of increasing risk with
increasing number of sunburns after adjustment for various factors, including tendency to
sunburn (Hunter et al., 1990). Number of sunburns showed a nonsignificant positive asso-
ciation with risks for basal-cell and squamous-cell carcinoma of the skin after adjustment for
various constitutional variables, including propensity to burn (Green et al., 1988a).

2.1.2 Cancer of the lip

Assessment of the carcinogenicity of solar radiation for the lip is complicated by the fact
that carcinoma at this site is actually diagnosed as a mixture of cancers of the external lip and
cancers of the buccal membranes (oral cavity). Use of alcohol and tobacco are known causes
of the latter tumours (IARC, 1985, 1986b, 1988).

While there are wide variations in the apparent incidence of cancer of the lip with
latitude, evaluation of the association is difficult because of inconsistency in the definitions of
the boundaries of the lip. ‘Cancer of the lip’ is defined as cancer of the vermilion border and
adjacent mucous membranes and thus excludes cancers of the skin of the lip (WHO, 1977).
Most are squamous-cell carcinomas and are located on the lower lip (Keller, 1970; Lindqvist,
1979), which is more heavily exposed to sunlight than is the upper lip (Urbach et al., 1966).

In general, case reports were not considered, because of the availability of more infor-
mative data. One case report from Nigeria described the occurrence of two lip tumours in
albinos (Onuigbo, 1978).

(@) Descriptive studies

The incidence of lip cancer is 4-10 times higher in men than in women in most white
populations, and higher in whites than in populations of darker skin complexions living in the
same geographical areas (Muir et al., 1987).

(i) Geographical variation
The incidence of lip cancer is higher in rural than in urban areas, in particular among
men (Doll, 1991).
Mortality from and incidence of lip cancer are substantially lower in migrants to
Australia than in native-born Australians (Armstrong et al., 1983; McCredie & Coates,
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1989). Groups of migrants to Israel all show lower risks for lip cancer than the locally born
population (Steinitz et al., 1989).
(i) Occupation

As reviewed by Clemmesen (1965), several observations during the nineteenth century
pointed to an increased risk of lip cancer among people in outdoor occupations, in particular
farmers and farm labourers. In England and Wales, increased risks for lip cancer were
reported among agricultural labourers, fishermen, other dock workers and railwaymen
employed outdoors (Young & Russell, 1926). Atkin et al. (1949) studied the occupations of
1537 men in England and Wales who died from lip cancer between 1911 and 1944. They
reported that mortality from cancer of the lip was 13 times higher among men employed in
agriculture than in men with professional jobs. Excess risks for lip cancer have also been
observed in farmers in western Canada (Gallagher et al., 1984) and in Denmark (Olsen &
Jensen, 1987; Lynge & Thygesen, 1990).

(b) Case—control studies

Keller (1970) compared 301 men with lip cancer admitted to veterans’ hospitals in the
USA between 1958 and 1962 with two groups of white age-matched controls admitted to the
same hospitals, comprising 301 oral cancer controls and 265 general controls. Altogether,
59.9% of the lip cancer cases, 37.1% of the cancer controls and 40.6% of the general controls
had been born in the south of the USA. Farming was recorded as the occupation of 27% of
the lip cancer cases but of only 8% of cancer controls and 4% of the general controls [crude
odds ratios, 4.0 and 8.4, respectively]. Any type of outdoor work was recorded for 39% of
cases of lip cancer, for 20% of cancer controls and for 12% of the general controls [crude
odds ratios, 2.6 and 4.8, respectively]. Risk estimates were not adjusted for smoking, another
risk factor identified in the study.

Spitzer et al. (1975) obtained information by personal interview on 339 men with
squamous-cell carcinoma of the lip registered with the Newfoundland (Canada) Cancer
Registry between 1961 and 1971 and 199 male controls chosen from the electoral register,
matched for age and geographical location in nine census divisions; the overall response rate
was 93%. An association was found between lip cancer and outdoor work (odds ratio, 1.52; p
< 0.05); an odds ratio of 1.50 (p < 0.05) was found for occupation as a fisherman for at least
eight full seasons, after adjustment for outdoor work, pipe smoking and age. No positive
association was found for specific fishing activities, such as use of mouth as a third hand or of
cast nets.

Lindqvist (1979) obtained information by mailed questionnaires from 171 cases (149
men, 22 women; 74% response rate) of epidermoid carcinoma of the lip registered with the
Finnish Cancer Registry in 1972-73 and from a control group of 124 patients (56 men, 68
women; 77% response rate) registered with squamous-cell carcinoma of the skin of the head
and neck. Risk estimates were adjusted for age. Odds ratios for men working outdoors
ranged from 2.2 to 3.2 according to the calendar period during which the subjects had worked
outdoors. The odds ratio was significantly increased only for those who both worked
outdoors and smoked. [The Working Group noted that the choice of head and neck skin
cancer patients as controls would lead to an underestimate of the odds ratio for outdoor
work.]
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Dardanoni et al. (1984) obtained information by personal interviews from 53 men with
lip cancer registered in the Ragusa Cancer Registry in Italy and from 106 male controls
matched for age and municipality of residence and admitted to the same hospitals for
non-neoplastic diseases. An association was found between lip cancer and working or
spending at least 6 h each day outdoors (odds ratio, 4.9; p < 0.001). After control for socio-
economic level, the odds ratiowas 1.7 (p < 0.001). [The Working Group noted that the latter
p value is inconsistent with the number of subjects.]

2.1.3 Malignant melanoma of the skin

Melanoma of the skin is divided into three major histological types. The majority of
melanomas in white-skinned populations (of European origin) are superficial spreading and
nodular melanomas. Lentigo maligna melanoma—also known as Hutchinson’s melanotic
freckle —occurs later in life than the other types, and more specifically on exposed sites;
however, the body site and evidence of sun damage in surrounding skin may influence its
pathological classification (McGovern et al., 1980). Acral lentiginous melanoma has not
been studied epidemiologically; it is rare in white-skinned populations, although it comprises
a substantial proportion of melanomas in Japan (Elwood, 1989a).

(a) Case reports

In general, case reports were not considered, owing to the availability of more
informative data.

In a survey of 830 cases of xeroderma pigmentosum located through published case
reports (Kraemer et al., 1987), melanomas were reported in 37 patients (5%). As the median
age at last follow-up of these cases was only 19 years, this observation is likely to represent a
substantial excess over the number expected, although the exact nature of the study popu-
lation precludes an accurate comparison. Site was specified for 29 of the 37 cases; 65% of
these were on the face, head and neck (normally constantly UVR-exposed sites) as compared
with 19.4% on this site among affected members of the US general population. [The
Working Group recognized that data collected from previously published case reports are
not uniform and may be atypical of a true incidence or prevalence series. Furthermore, no
information is available on the relationship between solar exposure and the occurrence of
malignant cutaneous melanoma in these patients.]

(b) Descriptive studies
(i)  Sex distribution
The sex distribution of melanoma, adjusted for age, varies widely between populations.
In many, it occurs as often as or more commonly in women than in men (Lee & Storer, 1980;
Lee, 1982), in contrast to other types of skin cancer which are uniformly commoner in men
(Muir et al., 1987).

(ii) Age distribution
Age distributions of melanoma in human populations vary with sex (Lee, 1982). They
cannot easily be interpreted because they represent a variable combination of the different

patterns of melanomas at different sites as well as a combination of time trends and trends in
the experience of birth cohorts.
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(i) Anatomical distribution

Melanoma is proportionately commonest on the back and face in men and on the legsin
women (Crombie, 1981); however, the incidence of melanoma per unit of body area is
similar on fully exposed sites, such as the face, and on partially exposed sites, such as the
lower limbs in women and the back in men. The frequency on body sites that are usually
covered, such as the buttocks, is much lower (Elwood & Gallagher, 1983).

(iv) Ethnic origin

Melanoma is predominantly a disease of white-skinned populations. Rates in dark-
skinned populations are much lower, the age-standardized incidence rate in India being 0.2
per 100 000 compared to around 30 in Queensland, Australia. In Los Angeles, USA, rates
were less than 1 per 100 000 in Japanese and Chinese subjects and 11-12 in white subjects
(Muir et al., 1987; Whelan et al., 1990). The site and histological distribution of melanoma
are different in non-white populations and have been little studied epidemiologically. The
remainder of this section deals only with melanoma in white populations.

The incidence of melanoma is substantially lower among Hispanics than among other
whites in the USA. For example, the incidence among Hispanics in New Mexico is less than 2
per 100 000 person years, but in other whites it is about 11 per 100 000 (Muir e al., 1987). In
several case~control studies (described in detail below), subjects with a southern or eastern
European background had lower risks than those with northern European or British origins
(Elwood et al., 1984; Holman & Armstrong, 1984a).

In a Canadian study (Elwood et al., 1984), people with an eastern or southern European
background had a crude odds ratio of 0.5 relative to those with an English background. This
effect was not changed appreciably after adjustment for constitutional factors of hair, eye and
skin colour and the skin’s reaction to sun exposure. In contrast, the effect of ethnic origin
observed in Western Australia was substantially reduced after adjustment for pigmentation
characteristics (Holman & Armstrong, 1984a).

(v) Geographical variation

Armstrong (1984) showed that the relationship between melanoma incidence in
Caucasians and latitude of residence decreases from around 35 ° to a minimum around 55 °
and then rises with latitude due to high rates in Scandinavian and Scottish populations. This
pattern is likely to be due to both latitudinal and pigmentation factors. Within countries,
inverse relationships of incidence or mortality with latitude have been seen in England and
Wales (Swerdlow, 1979), Norway (Magnus, 1973), Sweden (Eklund & Malec, 1978) and
Finland (Teppo et al., 1978).

In the first comprehensive analysis of the geography of melanoma in whites, Lancaster
(1956) noted that mortality from the disease was higher in Australia and South Africa thanin
the parts of Europe from which their populations originated; that mortality in Australia, New
Zealand and the USA increased with proximity to the equator; but that within Europe it was
higher in Norway and Sweden in the north than in France and Italy in the south. These
patterns are also evident in more recent data (Armstrong, 1984).

Geographical variation in relationship to ambient UV irradiation levels: Several studies
have compared melanoma incidence and mortality rates in different areas of North America
to estimated or measured levels of ambient UVR, and Elwood (1989b) estimated the change
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in rate for a 10% change in UVR level (Table 15). [The Working Group noted that these
studies did not assess any other component of the solar spectrum.]

Elwood et al. (1974) showed, using mortality data for US states and Canadian provinces,
that the correlation coefficients with latitude were 0.79 for men and 0.72 for women. A
variation in latitude of 2 °, which is equivalent to 138 miles, was associated with a change in
death rates from melanoma of about 10%. Annual UV flux at erythema-producing wave-
lengths was calculated from information on latitude and meteorological data on cloud cover.
This calculated index of exposure was very strongly correlated with latitude (correlation
coefficient, 0.89), so melanoma mortality rates were strongly related to this index; a 10%
increase in received UVR dosage would be expected to give an increase of 3.7-4.5% in the
death rate from melanoma at latitude 50 °, and 6.8-10.3% at latitude 30 ° (Table 15). These
values were somewhat higher for men than for women; for example, 4.4% in men compared
with 3.0% in women at latitude 50 ° using the exponential model.

Fearset al. (1976) related melanoma incidence to latitude and to a calculated measure of
UVR. Their data cover a slightly narrower range of latitude, and they calculated that a 10%
increase in UVR would cause an increase in melanoma mortality of 7-12%, the higher figure
applying to more southerly latitudes, which already have higher rates. Incidence rates vary
more rapidly with latitude than do mortality rates, and therefore they predicted that a 10%
increase in UVR would be likely to give a 14-24% increase in the incidence of melanoma
(see Table 15).

Estimates using calculated UVR levels: Fears et al. (1977) used measurements from
Robertson-Berger meters for four areas and a power model, in which the calculated
percentage changes are not dependent upon the initial latitude. These calculations showed
considerably stronger effects, with an estimated 25% increase in incidence for a 10%
increase in solar UVR (see Table 15).

Scotto and Fears (1987) used annual UVR counts from Robertson-Berger meters in
seven areas of the USA (Detroit, Seattle, Iowa, Utah, San Francisco, Atlanta and New
Mexico) and data on melanoma from incidence registries (the Surveillance Epidemiology
and End Results system). They fitted a power model and presented analyses by sex and by
body site of the melanoma divided into trunk and lower limb versus head, neck and upper
limb. They obtained data on covariates, including ethnic origin, pigmentation characteristics,
hours spent outdoors during weekdays and during weekends and use of suncreens, suntan
lotion and protective clothing, from telephone interviews with at least 500 households in
each area. Data on the melanoma patients were not available, however. The results predict
greater increases for females than for males, unlike the earlier work. The overall effects of a
10% increase in UVR are a 5.5% increase for trunk and lower limb tumours and a 9%
increase for head, neck and upper limb tumours, averaged over the two sexes. Adjustment for
the various covariates reduces the predicted increases to a 3.5% increase for trunk and lower
limb tumours, and 5.5% for head, neck and upper limb tumours (see Table 15).

Pitcher and Longstreth (1991) used data on melanoma mortality over a 30-year period
and calculated UV flux on the basis of satellite data from the US National Aeronautics and
Space Administration, including measurements of ozone concentrations at high atmospheric
conditions. The models fitted are complex, as they are fitted for the two sexes, for three
different places covering a range of latitudes, and separately for changes in the annual UV
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flux and changes in the peak levels in clear summer conditions. Larger effects were again
found for males than for females, and a larger effect when using the peak measurements than
when using the annual measurements. The overall estimates of the percentage increase in
melanoma mortality associated with a 5% decrease in ozone level, on the assumption that
this is roughly equivalent to a 10% increase in solar UVR, ranged from 2.1t0 7.0 at 50 N and
from 3.2 to 8.2 at 30 °N (see Table 15).

[The Working Group noted that, despite the sophistication of some of the mathematical
models, these results are derived from population-based descriptive data and not from
individual measurements and are restricted to North America.]

(vi) Migration

The most informative data on risk in migrants come from Australia, New Zealand, Israel
and the USA. Native residents of Australia (McCredie & Coates, 1989; Khlatetal., 1992) and
New Zealand (Cooke & Fraser, 1985), mostly of British origin, experienced incidence and
mortality rates of melanoma roughly twice those of British immigrants. Native Israelis had a
risk at least twice that of immigrants to Israel from Europe for at least 30 years after
immigration (Steinitz ef al., 1989).

The higher incidence in white immigrants to Hawaii from the US mainland compared
with white natives has been attributed to a difference in skin colour (Hinds & Kolonel, 1980).
Non-Hispanic migrants to Los Angeles County (California, USA) from higher latitudes in
the USA are still substantially protected against melanoma of all histological types decades
after migration. Similar relative protection is enjoyed by native residents of more northerly
US communities in comparison with co-resident migrants from the south-western USA
(Mack & Floderus, 1991).

(vii) Socioeconomic status and occupation

Melanomas are much commoner in higher socioeconomic groups, as shown in data from
the United Kingdom since 1949-51. In the United Kingdom, the distribution of melanoma in
married women by social class (categorized by their husbands’ social class) is similar to that
of men, indicating that this is a social rather than a specific occupational factor (Lee, 1982).
In the USA, the risk increases with income for men aged 30-69; at age 70 and above, the
trend is reversed, suggesting a role for long-term exposure to the sun (Kirkpatrick et al.,
1990). In case-control studies, the effect of socioeconomic status is weakened after adjust-
ment for measures of exposure to the sun (Gallagher et al., 1987; @sterlind et al., 1988b).

Assessment of outdoor exposure on the basis of routine data on job descriptions showed
that melanoma is commoner in indoor than in outdoor workers, even within the same socio-
economic group (Lee & Strickland, 1980; Lee, 1982). Cutaneous melanoma incidence rates
during 1972-76 in New Zealand showed no pattern according to outdoor workplace (Cooke
et al., 1984). An analysis of 3991 cases of cutaneous melanoma registered during 1971-78 in
England and Wales and of 5003 cases registered during 1961-79 in Sweden suggested an
elevated incidence in professional occupations. The incidence among farmers was close to
that expected (Vagero et al., 1990).

Garland et al. (1990) reported 176 incident cases of melanoma among US Navy
personnel. The rate for indoor occupation was higher than that for outdoor workers.
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(c) Case—control studies
Elements of each case-control study described below are given in Table 16.

(i) Australia

Lancaster and Nelson (1957) carried out a case—control study on 173 patients aged over
14 years treated for malignant melanoma in hospitals in Adelaide, Melbourne and Brisbane,
and 173 hospital controls with cancers other than of the skin, matched for sex and age.
Information was obtained by interviews [response rate not given], and analysis was done by
single factor cross-tabulations only. Unmatched crude odds ratios were calculated by the
Working Group. Skin [odds ratio, 1.95 for fair versus olive and medium], hair colour [odds
ratio, 1.7 for fair and red versus black and brown], eye colour [odds ratio, 1.75 for blue and
green-grey versus brown and hazel] and skin reaction to sunlight [2.9;95% CI, 1.9-4.5 for red
versus brown reaction] were significantly associated with risk for malignant melanoma.
Among the other factors studied were birth outside Australia [0.8; 0.4-1.6], 10 years’ or more
occupational exposure to sunlight in males [1.4; 0.7-2.7], sunbathing [1.5; 0.9-2.4] and
moderate [1.2; 0.5-3.1] and excessive [2.3; 0.8-6.3] total exposure to the sun compared to
minimal exposure. There were only eight cases and 11 controls in the latter category of sun
exposure.

Beardmore (1972) studied 468 cases of histologically confirmed malignant melanoma
and 468 sex- and age-matched hospital controls (including patients with skin cancer) at one
hospital in Brisbane. Information was obtained by interview [response rate and method of
evaluation of hair, skin and eye colour not given]. Hair, skin and eye colour and skin reaction
to sunlight were not associated with risk for malignant melanoma. Comparison of exposure
to sunlight from mainly outdoor occupations to that from mainly indoor occupations resulted
in a crude odds ratio of [1.42; 95% CI, 1.03-1.97]; a similar comparison for recreational
activities gave a crude odds ratio of [1.03; 0.75-1.42]. Fewer cases than controls had a history
of treatment for keratosis and/or skin cancer or currently had keratosis and/or skin cancer
[crude odds ratios, 0.51, 0.38-0.69; and 0.16, 0.12-0.22, respectively].

In the Western Australia Melanoma study (Holman & Armstrong, 1984a,b), 511 cases
aged 10-79 years and 511 population controls matched for sex, age and area of residence
were interviewed at home using a questionnaire based on that of the Western Canada study,
which included objective measurements and naevi counts. The study also included a review
of pathology slides. Analyses were presented for superficial spreading, nodular and lentigo
maligna melanomas and for a fourth, unclassifiable group. Response rates were 76% for
cases and 62% for controls, and adjustment was made for chronic and acute skin reaction to
sunlight, hair colour, ethnic origin and age at arrival in Australia using a multiple logistic
regression model. Hair colour, acute and chronic reaction to sunlight, number of naevi and
family history of melanoma were significantly associated with risk; skin and eye colour were
significantly associated in a crude analysis only. Duration of residence in Australia was
strongly, positively associated with risk for all melanomas and for all sub-types except for
unclassifiable melanoma. After control for ethnic origin, the odds ratios for superficial
spreading melanoma were 1.2 (95% CI, 0.25-5.5) for people arriving in Australia at age 0-4,
1.7 (0.34-8.0) for those arriving at age 5-9, 0.74 (0.17-3.3) for those arriving at age 10-14,
0.25 (0.05-1.4) for those arriving at age 15-19 years or older (< 30 years) and 0.38
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(0.19-0.78) for those arriving at age > 30 years (p for trend, < 0.0001) compared to those
born in Australia. A lifetime residential history was used to calculate the mean annual hours
of bright sunlight based on place of residence as a measure of potential exposure to the sun.
An analysis restricted to native-born Australians 'showed positive associations for all
melanomas and for each subtype except nodular melanoma. An analysis dichotomizing
exposure at an annual mean of > 2800 h sunlight at different ages showed that the highest
risk ratio for all melanomas and for the superficial spreading subtype were for high exposure
at ages 10-24. Cutaneous microtopography was used to measure skin damage; a positive
association was found with all melanomas, being strongest for lentigo maligna melanoma.

In a further analysis by individual habits of exposure to the sun (Holmanetal., 1986a), no
significant association was seen for total outdoor exposure. Analysis by recreational outdoor
exposure, expressed as a proportion of total exposure, at ages 10-24 years showed no
significant association. For superficial spreading melanoma, analysis by specific activity
showed positive associations with boating (p = 0.04) and fishing (p = 0.07) and weaker,
nonsignificant associations with swimming and sunbathing at ages 15-24 or 0-9 years before
diagnosis. For other types of melanoma, no clear positive association was found; regular
swimmers had a lower risk of lentigo maligna melanoma (trend test significant). Occupa-
tional exposure was analysed on the basis of whether the site of the melanoma was usually
covered by clothing and compared to that of a referent group for whom the site was usually
covered: subjects for whom the site was exposed showed a significant positive association. In
comparison with the same referent group, patients who had never worked outdoors had
significantly increased risks for all melanomas. The type of bathing suit usually worn by
females in summer was assessed, and a positive association was found for wearing bikinis or
for nude bathing, which was significant for all trunk melanomas and for superficial spreading
melanoma on the trunk. When previous sunburns were classified by severity, no significant
trend was observed for all melanomas; but there was a positive trend for lentigo maligna
melanoma (p = 0.06) and a significant negative association for nodular melanoma.

In the smaller Queensland Melanoma study (Green, 1984; Green et al., 1985a), 183
patients with histologically confirmed melanoma, other than lentigo maligna melanoma or
acral lentiginous melanoma, and 183 population controls matched for sex, age and area of
residence were interviewed at home using a standardized questionnaire, which included
objective measurements and naevi counts. The response rates were 97% and 92%, respec-
tively. Adjustment was made using a multiple logistic regression model. Hair colour, acute
sun reactions and naevi were significantly associated with risk. Skin colour, eye colour,
chronic sun reaction, freckling and family history of melanoma were significant in a crude
analysis only. Hours of occupational and recreational exposure to the sun from 10 years of
age across three categories gave risks of 1, 3.2 (95% CI, 0.9-12.4) and 5.3 (0.9-30.8) after
adjustment for naevi, hair colour and propensity to sunburn. Average levels of exposure to
UVB radiation were also allocated by residential history but showed no association with risk
for melanoma. People born in Queensland had moderately higher risks than those who
arrived there later in life or who had lived somewhere else at any time. Melanoma patients
had more kerotoses or skin cancers on their faces (odds ratio, 2.8; 1.1-7.2). Sunburn (Green
et al., 1985a) was defined as pain persisting longer than 48 h, with or without blistering, and
was recorded as the number of episodes in each decade. Risk increased with the number of
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severe sunburns and was 1.9 and 5.0 in the two higher categories on matched analysis,
decreasing to 1.5 (0.7-3.2) and 2.4 (1.0-6.1), respectively, when adjusted for naevi and exact
age. An additional analysis of 49 cases of lentigo maligna melanoma and 49 controls showed
no association with sunburn (Green & O’Rourke, 1985; Green et al., 1986).

In a more detailed review of these data (Green et al., 1986), no association was observed
with occupational exposure to the sun. Analyses of recreational hours spent on the beach in
the sun were made for lifetime exposures, exposures at 10-19 years of age and exposures in
the five years prior to diagnosis; no strong or consistent association was seen in either crude
or adjusted analyses. Associations with total accumulated hours of exposure to the sun
(calculated by adding occupational and total recreational exposures) showed a positive trend
for lifetime exposure and exposure at ages 10-~19 (odds ratio, 4.4; 95% CI, 1.8-184.5), but no
association was seen for exposure during the previous five years. Analysis of levels of UVR by
lifetime residential history showed no major association and no site-specific association.

(if) Europe

In a case-control study of residents of Oslo, Norway (Klepp & Magnus, 1979), 78 mali-
gnant melanoma patients over 20 years of age were compared with 131 unmatched hospital
controls with other cancers. Both cases and controls with advanced disease were excluded.
Information was obtained by questionnaire [response rate not given]. Hair and eye colour
were recorded independently by the interviewer and subject but were not associated with risk
for the disease, whereas skin reaction to sunlight and freckling were. A nonsignificant odds
ratio of [1.5] was found for men working outdoors for more than 3-4 h/day; the odds ratio for
taking sunbathing holidays in southern Europe was 2.4 (p = 0.05). No significant association
was seen with degree of exposure of different body sites, classified from ‘as often as possible’
to ‘hardly ever’.

Adam et al. (1981) conducted a population-based case-control study in the United
Kingdom of 111 female cases of malignant melanoma aged 15-49 traced from registries and
342 female controls randomly selected from general practitioners’ lists and matched for age
and marital status. Information was obtained by postal questionnaire; response rates were
66% for cases and 68% for controls. Hair colour and skin reaction to sunlight, but not skin
colour, were significantly associated with risk for malignant melanoma. Slightly more cases
than controls reported deliberately tanning their legs or trunk, either at home or abroad. No
difference was reported in the amount of work, leisure or total time spent outdoors. [The
Working Group noted that the study concentrated on oral contraceptive use and that
information on exposure to the sun was very limited.]

MacKie and Aitchison (1982) conducted a case-control study in western Scotland of 113
malignant melanoma patients aged 18-76 years and 113 sex- and age-matched hospital
controls with conditions not related to the skin. Cases of lentigo maligna melanoma were
excluded. Information about exposure to the sun within the previous five years was obtained
by questionnaire [response rate not given] and included occupational and recreational
exposure (> 16 hversus < 16 h outdoor exposure per week) and history of severe sunburn,
defined as either ‘blistering sunburn’ or ‘erythema persisting for a week or longer’. Other
factors included in the multivariate analysis were social class and skin type. A significant
negative association was observed for recreational exposure and for occupational exposure
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to the sun in males. A significant positive association was observed for severe sunburn. No
significant difference was observed for the number of continental holidays taken or total
number of days spent in sunnier climates.

Sorahan and Grimley (1985) studied 58 patients aged 2070 years with cutaneous mali-
gnant melanoma (other than lentigo maligna melanoma) in two hospitals in the United
Kingdom and 182 hospital controls with diseases other than of the skin and 151 unmatched
controls from electoral rolls. The response rates were 64% for cases and 60% for each
control group. Information was obtained by postal questionnaire, and analyses were adjusted
using a multiple logistic regression model. A significant positive association was observed for
number of bouts of painful sunburn ever experienced, with an odds ratio reaching 7.0 for five
or more bouts compared to none. A significant positive association was also seen with the
number of holidays ever spent abroad in a hot climate, reaching 6.5 for 21 holidays or more,
compared to none. Both associations were weakened, and the latter became nonsignificant,
after adjustment for propensity to sunburn, number of moles and history of sunburn.

In another study in the United Kingdom (Elwood et al., 1986), 83 histologically con-
firmed cases over 18 years of age and 83 hospital controls (in- and out-patients), matched for
sex, age and area of residence, were interviewed at home using a questionnaire which
included objective measurements and naevi counts. The responses were validated by replies
to a postal questionnaire. The response rates were 74% for cases and 92% for controls.
Adjustment was made using a multiple logistic regression model. Skin reaction to sunlight,
freckling and naevi were significantly associated with risk. A history of sunburn causing pain
for two days or more gave a significant odds ratio of 3.2 (95% ClI, 1.7-5.9). Past outdoor occu-
pational exposure showed a significantly reduced odds ratio of 0.2 (0.1-0.9) for the second
highest category but a nonsignificant odds ratio of 1.7 (0.3-8.6) for the highest category and
no overall trend.

In northern Italy, Cristofolini et al. (1987) compared 103 patients aged 21-79 under
treatment for cutaneous malignant melanoma at one hospital with 205 hospital controls with
diseases other than skin tumours. Subjects were interviewed [response rate not given] and
assessed by a dermatologist. Adjustment was made using a multiple logistic regression
model. Hair and skin colour and family history were significantly associated with risk, but eye
colour, freckling and number of naevi were not. A history of frequent sunburn as an adult
gave an odds ratio of 1.2 (95% CI, 0.7-2.1) and that of severe sunburn in early life an odds
ratio of 0.7 (0.4-1.2). Heavy or frequent exposure to sunlight during the previous 20 years,
categorized as yes or no, gave a significantly reduced odds ratio of 0.6 (0.4-0.95). Outdoor
compared to indoor occupation gave a nonsignificant odds ratio of 0.9 (0.5-1.7), and a
history of carcinoma of the skin gave a risk ratio of 0.4 (0.02-2.9), based on small numbers.
Melanoma at exposed sites showed positive associations with heavy sun exposure (1.44;
0.8-2.8) and outdoor occupation (1.8; 0.9-3.7), while melanoma at normally unexposed sites
showed a significant negative association with heavy exposure to the sun (odds ratio, 0.25;
95% (I, 0.13-0.47).

In a study of melanoma in eastern Denmark (@sterlind et al., 1988b,c; @sterlind, 1990),
474 cases of melanoma, excluding lentigo maligna melanoma patients, aged 20~79 were
compared with 926 population controls and matched for sex and age. Subjects were inter-
viewed at home using a questionnaire which included objective measurements and naevi
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counts, and adjustment was made using a multiple logistic regression model. Response rates
were 92% for cases and 82% for controls. The number of sunburns (defined as those causing
pain for two days or longer) before age 15, from age 15 to 24 and over the previous 10 years
were all significantly associated with risk: crude odds ratios for the maximal categories, 3.7
(95% CI, 2.3-6.1), 2.4 (1.6-3.6) and 3.0 (1.6-5.4), respectively. Adjustment for sex and host
factors, including naevi, freckles and hair colour, reduced the risk ratios, but they remained
significant. Adjustment for sunburns before age 15 rendered the associations with later sun-
burn weak and nonsignificant. Joint analysis of sunburns and naevi suggested independent,
additive risks. Significantly increased risks were seen with residence near the coast before
age 15 or for more than 30 years. Specific recreational activities were investigated and cate-
gorized by the number of years of regular participation, adjusted for sex and host factors,
including number of naevi, and for other activities. Significant positive associations were
observed with sunbathing, boating, winter skiing and swimming, the latter becoming non-
significant after adjustment. Regular participation in gardening, ball games, golf, horseback
riding or hiking was not associated with risk for melanoma. A positive trend was seen with
vacations spent in beach resorts in southern Europe (odds ratio, 1.7; 95% CI, 1.2-2.4), which
was weakened after adjustment for sunbathing and sunburn (1.4; 1.0-2.1). Socioeconomic
status showed a strongly positive association in men, which became nonsignificant when
adjusted for sunburn and recreational exposure to the sun. Occupational exposure outdoors
for at least sixmonths was associated with a significantly reduced odds ratio of 0.7 (0.5-0.9) in
men,; the protective effect was most pronounced in men who started working outside at an
early age and continued for at least 10 years. No association was seen with skin grading
categories defined by microtopography.

In a study in northern Italy (Zanetti et al., 1988), 208 cases of histologically confirmed
malignant melanoma were identified from the regional tumour registry and were compared
with 416 controls chosen from the National Social Service Registry. Response rates were
87% for cases and 68% for controls. An increased risk was observed with light hair colour,
tendency to burn and a history of sunburn in childhood. No significant effect of region of
origin was observed. Exposure to the sun was assessed by activity: for outdoor work, a
nonsignificant increased risk was seen with the maximal duration of exposure (> 33 years) in
men, but the overall trend was nonsignificant. Outdoor sports, assessed by years of
participation, showed an increased risk at the maximal level in men and women (significant
for men). Asignificantly increased risk was found for men participating in sports categorized
as involving the greatest exposure to the sun. A nonsignificantly increasing trend in men was
observed for total number of weeks’ holiday, but little effect was seen in women; a significant
positive trend was observed in men, but not for women, for the number of weeks spent at the
seaside in childhood. Similar exposure in adult years resulted in a nonsignificant positive
trend.

Garbe et al. (1989) studied 200 malignant melanoma patients at a dermatological
follow-up clinic in Berlin, Germany, in 1987 and 200 controls from the same clinic who had
any other skin disease (response rate, 90%). Subjects of non-German origin were excluded,
as were those seeking consultation for pigmented naevi or who had been treated previously
by UVR (10%). Occupational exposure to the sun, assessed as none, sometimes or nearly all
the time, showed a strongly increased risk up to an odds ratio of 5.5 (1.2-25.3). No significant
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relationship was found with duration of leisure-time exposure to the sun or number of sun-
burns. [The Working Group noted that little detail was given about exposure and that the
control group consisted of patients with other skin disease.]

Weiss et al. (1990) studied 1079 cases of malignant melanoma reported to the German
Dermatological Society Registries in 1984-87 and 778 hospital controls from the same
clinics. Positive associations were seen with occupational exposure to the sun, which
increased with the number of years of exposure. No association was seen with exposure to the
sun during leisure time or with sunbathing. [The Working Group noted that this study
appears to overlap with that of Garbe et al. (1989) and that the data were presented with
relative risks but with no test of significance.]

Beitner ef al. (1990) studied 523 incident cases of malignant melanoma seen ata hospital
in Stockholm, Sweden (representing 64% of all cases registered in Stockholm County), and
505 controls selected from the population register for Stockholm County. Cases completed a
questionnaire while waiting at the clinic, and controls received the questionnaire by mail
(response rates, 99.6% and 96.2%, respectively). A significant positive effect was seen for the
number of sunbathing sessions each summer, with a history of erythema after sunbathing and
with sunbathing vacations abroad. Residence in countries around the Mediterranean or in a
sub-tropical or tropical climates for more than one year during the previous 10 years gave a
significant odds ratio of 1.9 [95% CI, 1.0-3.6]. There was no increase in risk with sunbathing
during winter vacations at high altitudes. Outdoor workers had a significantly reduced risk of
0.6 (0.4-1.0) after adjustment for age, sex and hair colour.

Elwood et al. (1990) studied 195 cases of superficial spreading or nodular melanoma in
people aged 20-79 from five pathology laboratories in the United Kingdom and 195 controls
chosen from among all in- and out-patients in the region. Cases and controls underwent an
interview and a limited examination by an interviewer in their homes (participation
rate—cases and controls, 73%; voluntary response rate—cases, 91%; controls, 78%). Risk
was significantly increased with sunburn at age 8-12 (odds ratio, 3.6; 1.4-11.2), but no
significant increase was observed with sunburn at age 18-22 or with sunburn received 18-20
or five years prior to diagnosis. No other sun exposure variable was reported.

Grob et al. (1990) compared 207 consecutive white patients, 18-81 years old, with histo-
logically confirmed invasive melanoma (at least level 2; lentigo melanoma and acral
lentiginous melanoma excluded) seen in one dermatology clinic in Marseilles, France, with
295 controls. Controls under 65 years of age were chosen from among subjects interviewed
after reportedly random selection and examined at a public health centre; those over 65 were
chosen from among out-patients with non-cancer and non-dermatological conditions.
Patients and controls were examined and interviewed by the same dermatologist. Multiple
logistic model analysis was used. The risk for melanoma was increased significantly in
association with annual outdoor leisure exposure during the previous two years (odds ratio,
8.4: 95% CI, 3.6-19.7), outdoor occupation (6.0; 2.1-17.4) and total lifetime sun exposure
(odds ratio for maximum category, 3.4; 1.6-7.1). There was a nonsi gnificant association with
sunburns in recent years (1.7; 0.63-4.6) after adjustment for number of naevi, maximal depth
of suntan, hair colour, social level, complexion and age. [The Working Group found the study
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difficult to interpret because of the nature of the control group and the relative recency of
measurements of exposure to the sun.]

In a report designed to produce a risk prediction model, MacKie et al. (1989) studied 280
cases of invasive cutaneous malignant melanoma (level 2 or deeper) from Scottish melanoma
registries. Controls were 280 hospital patients with non-dermatological diseases. Response
rates were 76% for cases and unknown for controls. An increased risk was observed for
history of severe sunburn (adjusted odds ratio, 7.6 (95% CI, 1.8-32.0) for men and 2.3 (0.9-
5.6) for women). A significant positive association for tropical residence was noted for men,
which became nonsignificant after adjustment. [The Working Group noted that, apart from
tropical residence, no data were presented on exposure to the sun.]

(iii) North America
Gellin ef al. (1969) studied 79 patients, aged 30-79, with histologically confirmed mali-
gnant melanoma at one hospital in New York, USA, and compared them with 1037 hospital
controls with skin conditions other than cancer. Information was obtained by interview and
examination [response rate not given)]. The odds ratios for duration of daily outdoor activity
were [2.8 (95% CI, 1.3-5.8)] for 6 h or more and [4.1 (2.5-6.8)] for 3-5 h, compared to 0-2 h.
[The Working Group noted that the controls had skin diseases.]

Paffenbarger et al. (1978) reported on cases found by follow-up of subjects first exa-
mined when entering Harvard University in 1916-50 and the University of Pennsylvania in
1931-40. Out of a total of 50 000 male subjects and 1.71 million person-years of observation,
45 deaths from melanoma were observed and each compared to four controls born in the
same year, who were classmates and who had survived as long as the case subjects. Of the
many factors investigated, only outside remunerative work was associated with a significant
risk for melanoma (odds ratio, 3.9; p = 0.01). Within the cohort, students from New England
had a 50% lower risk for melanoma than other students, presumably owing to more northerly
residence.

Lew et al. (1983) carried out a study in Massachusetts on 111 cases of cutaneous mali-
gnant melanoma, aged 23-81, followed at one hospital and 107 controls who were friends of
cases, matched by age and sex. Information was obtained by interview at the clinic; response
rates were 99% for cases and 90% for controls, and analysis was made using a logistic
regression model. Cases showed poorer tanning ability, and a significant association was
observed with blistering sunburn during adolescence (odds ratio, 2.1; 95% CI, 1.2-3.6) and
with 30 days or more vacation in sunny, warm places during childhood (2.5; 1.1-5.8). The
association with history of sunburn persisted after controlling for tanning ability. [The
Working Group noted that the nature of the controls and the simplicity of the analyses
presented make interpretation of the results difficult.]

Rigel et al. (1983) analysed data on 114 melanoma patients (out of a total of 328) seen in
areferral centre in New York between 1978 and 1981, and on 228 controls who were staff and
patients at the centre. Significantly increased risks were seen with > 2 h per day sun exposure
11-20years previously (odds ratio, 2.5; p = 0.005) and outdoor versus indoor recreation (2.4;
p = 0.01). [The Working Group noted that the selection of subjects and the nature of the
control group make these results difficult to interpret.]
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In the Western Canada Melanoma case—control study (Elwood et al., 1984, 1985a,b),
carried out in four Canadian provinces, 595 cases of malignant melanoma, aged 20-79, and
595 population controls, matched for sex, age and province of residence, were questioned by
trained interviewers at their homes (response rates: cases, 83 %; controls, 48-59%). Cases of
lentigo maligna melanoma and acral lentiginous melanoma were excluded. Analyses were
made using a multiple logistic regression model. Significant positive associations were found
after adjustment for host factors and ethnic origin for frequent recreational (odds ratio, 1.7;
95% CI, 1.1-2.7) and holiday exposure (1.5; 1.0-2.3) and with the number of sunny vacations
per decade (1.7; 1.2-2.3). No overall trend was observed for occupational exposure, but a
significantly increased risk was associated with moderate occupational exposure, defined as
seasonal or short-term occupational exposure. Maximal occupational exposure was asso-
ciated with a significantly reduced odds ratio in men (0.5 [CI not given]) but not in women
(1.5 [CI not given]). Analysis of total annual exposure to the sun from all sources showed no
overall trend (odds ratio, 1.0-1.6 in various categories above the minimal exposure referent
group). Severe or frequent sunburn in childhood resulted in a nonsignificant odds ratio of
1.3, after adjustment for host factors and sun sensitivity. From variables relating to sunburn
on vacation and the usual degree of suntan in winter and summer, positive associations were
observed for increasing sunburn and with decreasing usual tan. Cross-tabulation of sunburn
with tendency to sunburn (skin type) did not change the significant positive effect of tendency
to burn, but the odds ratio for sunburn fell from 1.8 in the maximal category to 1.4 (p > 0.2)
after adjustment for sun reaction. Similarly, cross-tabulation of usual degree of suntan
against skin type gave little difference in the positive association with reaction to the sun, but
a weakening of the association with usual degree of suntan was seen which became
nonsignificant. A multivariate analysis including history of sunburn, usual degree of suntan,
skin type and host factors showed significance for the two latter factors, nonsignificant
positive effects of holiday sunburn and a significant negative effect of usual degree of suntan.
These results are interpreted as showing a primary association with tendency to burn easily or
to tan poorly rather than with history of either sunburn or suntan. For men, a significant
negative association was seen with outdoor occupation, but this weakened and became
nonsignificant when adjusted for recorded exposure to the sun. Similarly, the crude odds
ratio for upper compared to lower socioeconomic groups was 3.8 (2.0-7.4) but was reduced
to 2.3 (1.0-5.1) after adjustment for host factors and for occupational, recreational and
holiday sun exposure (Gallagher et al., 1987).

Elwood et al. (1987) made an analysis separating superficial spreading melanoma,
nodular melanoma and lentigo maligna melanoma in the western Canada study, based on
415, 128 and 56 cases, respectively. Recreational exposure, holiday exposure and the number
of sunny vacations per decade were positively and significantly (trends) associated with
superficial spreading melanoma (odds ratios, 1.4, 2.0 and 2.2; 95% CI, 1.0-2.0, 1.4-2.9 and
1.5-3.3, respectively); recreational exposure was also positively associated with nodular
melanoma (2.4; 1.3-4.5), but neither holiday exposure nor the number of sunny vacations
showed an association. None of these measures of intermittent exposure was significantly
associated with lentigo maligna melanoma. Occupational exposure showed no significant
association with any of the three types. History of sunburn showed positive but nonsignificant
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associations with superficial spreading and lentigo maligna melanomas but not with nodular
melanoma.

Brown et al. (1984) identified 120 men who had been aged 18-31 during the Second
World War from among 1067 patients seen at a melanoma clinic in New York City in 1972-80
and sent them questionnaires (response rate, 74%). Controls were 65 age-matched subjects
attending the same dermatology department with skin diseases other than melanoma
[response rate unknown]. Within the total of 74 cases and 49 controls who had been in the
armed services, the odds ratio for service in the tropics as compared to service in the USA or
Europe was [7.7; 95% CI, 2.5-23.6].

In a hospital-based study in Buffalo, NY, USA (Graham et al., 1985), 404 cases of cuta-
neous malignant melanoma referred to the Roswell Park Memorial Institute, aged from
under 30 to over 65, were compared with 521 controls with other neoplasms at the same
institute, using questionnaires completed on admission. There was a weak negative trend
with total number of hours of exposure to the sun, which was significant in men; a similar
trend was observed for average annual exposure to the sun. Occupational exposure to the sun
gave a nonsignificant reduction in risk in men in the highest exposure group after adjustment
for tendency to burn. Multivariate analysis showed a negative association with cumulative
exposure to the sun, which was significant in men when adjusted for tendency to burn,
freckling and light complexion. Results specific to recreational or holiday exposure to the sun
were not presented.

Dubin et al. (1986) compared 1103 cases of melanoma seen at the New York University
Medical Center from 1972 to 1982 (mostly in 1977-79) to 585 controls interviewed in 1979~
82 at the skin clinic for conditions excluding cancer. Both cases and controls were inter-
viewed by physicians; response rates were 98% for cases and 78% for controls. In order to
complete the data on risk factors, a postal questionnaire was sent requesting information on
exposures to fluorescent lights and to the sun and on skin colour (response rates, 45% of
cases and 30% of controls). Mostly outdoor compared to mostly indoor work gave an odds
ratio of 2.5 (95% CI, 1.4-4.4) and mostly outdoor compared with mostly indoor recreation
gave an odds ratio of 1.7 (1.2-2.3), although mixed indoor and outdoor recreation gave a
significantly reduced risk of 0.6 (0.5-0.8). Overall exposure to the sun (three categories)
showed no trend. A history of the presence of solar keratosis gave a significant risk ratio of
5.0 (2.3-10.5). Quantitative total sun exposure was assessed for 623 cases and all 585 con-
trols: there was no significant trend with total hours of exposure to the sun per day 0-5, 6-10
or 11-20 years before diagnosis. [The Working Group noted that the cases and controls were
not interviewed over the same period.]

In a study based on a subset of the above (Dubin et al., 1989), 289 cases and 527 controls
were interviewed using the same method (response rates, 100% of eligible cases; 70% of
controls [19% of potential controls were excluded because of diagnosis of a lesion known to
be caused by exposure to the sun]). Mostly outdoor occupation gave a nonsignificant ele-
vated risk. Mostly outdoor recreation was associated with a significantly elevated risk in light
tanners but a nonsignificant elevated risk in dark tanners (interaction nonsignificant).
Overall exposure to the sun was associated with significantly increased risks in all groups. A
history of sunburn was associated with a significantly increased risk in light tanners and in all
subjects but had a nonsignificant protective effect in dark tanners (interaction significant).
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When analysed by age group, a history of sunburn gave a positive association at age 20-39,a
weak association at 40-59 and a negative association at 60 or over (interaction significant).
Prior skin cancer or solar keratosis had a significant effect, which was stronger in men than in
women (interaction nonsignificant).

In a study in San Francisco, Holly et al. (1987) compared 121 patients with nodular or
superficial spreading melanoma at a university melanoma clinic with 139 controls from a
medical screening clinic or from an orthopaedic clinic at the same centre. Response rates
were ‘over 95%’. Sunburn score, based on the number of blistering sunburns during school
and young adult years, showed a significant odds ratio of 3.8 (95% CI, 1.4-10.4) after
controlling for naevi, hair colour and previous skin cancers. A positive association was seen
with previous skin cancer (3.8; 1.2-12.4).

Weinstock et al. (1989) reported a case—control study within a cohort of US nurses (see
Hunter et al., 1990, p. 86). Data on 130 cases and 300 controls (response rates to post-
diagnosis questionnaire, 85% and 81%, respectively) were analysed using multivariate
models. Following adjustment for skin sensitivity, significant positive effects were seen for
sunburn at ages 15-20 (odds ratio, 2.2; 95% CI, 1.2-3.8), but not at age > 30 (1.3; 0.7-2.3),
and for residence at a southern latitude at age 15-20 (2.2; 1.1-4.2), but not at age > 30 (1.6;
0.9-2.8). No direct recording of exposure to the sun was reported.

A further analysis (Weinstock et al., 1991a) assessed the use of swimsuits in these
subjects. There was a significant positive association of melanoma risk with the frequency of
use of swimsuits of any type in sun-sensitive women (odds ratio, 6.4; 95% CI, 1.7-23.8) but
not in sun-resistant women (0.3; 0.1-1.0). After controlling for type of swimsuit and sensi-
tivity factors, melanoma risk was increased with increasing hours per day of outdoor swimsuit
use (any type) after age 30, but no association was seen with intensity of exposure or with the
number of winter vacations in warm and sunny locations. The use at age 15-20 of a bikini
compared to high backline, one-piece swimsuits, gave an odds ratio for all melanomas of 1.9
(1.0-3.7) and for trunk melanoma specifically of 0.8 (0.3-2.6); the risks were 3.5 [CI not
given] among sun-sensitive women and 1.3 [CI not given] among less sun-sensitive women,
but the interaction was not significant.

In a case-control study of patients attending a pigmented lesion clinic in Boston, USA
(Weinstock et al., 1991b), 186 had cutaneous melanoma: the 239 controls had other dermato-
logical diagnoses, the most frequent of which were common naevus and solar keratosis. Data
were obtained from medical records and from a self-administered questionnaire completed
before clinical examination and were analysed by a multivariate method. Significantly in-
creased risks for melanoma were associated with lack of tan after repeated exposures as a
teenager (odds ratio, 2.3; 95% CI, 1.0-4.9). A nonsignificant trend towards increased risk
was observed for residence in southerly areas. [The Working Group noted that the paper
dealt primarily with dysplastic naevi and the results on melanoma are not given in detail, and
that the controls also had dermatological conditions.]
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(d) Collation of results

The studies summarized above show that a range of host characteristics are related to
melanoma risk, including ethnic origin, skin, hair and eye pigmentation, and, importantly, a
tendency to sunburn or suntan, often expressed clinically as skin type. These factors can be
assumed to reflect genetic sensitivity to cutaneous effects of sun exposure and, in addition to
the indirect evidence of a role of exposure to the sun in melanoma that they provide, should
be considered as confounders in a relationship between sun exposure and melanoma. The
numbers of acquired benign naevi and of dysplastic naevi have been shown to be very strong
risk factors for melanoma in several studies; the density of freckling on the skin has also been
shown to be a risk factor. Because there is evidence that these outcomes are themselves
related to sun exposure, and in the case of naevi may be intermediate steps in the genesis of
melanoma, they should not be considered confounding factors (Armstrong, 1988). Most of
the studies relied on a wide range of questions to assess different aspects of sun exposure.
Armstrong (1988) developed a useful classification of such questions, dividing them into
those that assess potential exposure, such as place of residence and time of migration, those
that record actual exposure and those that record response to exposure, such as questions on
sunburn and suntanning.

(1)  Total sun exposure: potential exposure by place of residence (Table 17)

Consistent with the descriptive studies, Holman and Armstrong (1984b) showed that the
risk in migrants arriving in Australia before age 10 (odds ratio, 0.89;95% CI, 0.44-1.80) is as
high as that of the Australian born (1.00), and the risk in those arriving at age 10 or above is
much less (0.34; 0.16-0.72 for age 10-29; 0.30; 0.08-1.13 for age > 30). These data are an
improvement on descriptive data as they allow control for ethnic background and pigmen-
tation. In the same study, an association was seen with annual hours of bright sunlight
averaged over all places of residence.

In the USA, two case-control studies (Graham et al., 1985; Weinstock et al., 1989)
showed increased risks for people who had lived at southerly latitudes.

Increased risks in people who have lived near the coast were seen in Denmark (@sterlind
et al., 1988b) and in Queensland, Australia (Green & Siskind, 1983). It was assumed in the
Danish study that coastal residence would involve more exposure to the sun. In Queensland,
living near the coast is not related to annual ambient UVR, which varies with latitude, so that
peak summer UV irradiance is higher in the interior than on the coast (Green & Siskind,
1983). The observations are thus due either to different behavioural patterns with
geographical location or to differences in exposure to UVR.

(if) Biological response to total sun exposure

It has been assumed that a history of nonmelanocytic skin cancer, solar keratoses, actinic
tumours or changes on cutaneous microtopography are all indicators of cumulative sun
damage. Positive associations are seen with these measures in studies in Australia and in the
USA, although @sterlind et al. (1988b) in Denmark saw no relationship with micro-
topographical change (Table 17).
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(iii) Total sun exposure assessed by questionnaire

The results of studies in which total sun exposure was assessed using questionnaires,
either over lifetime or at different periods of life, have been mixed (Table 18). Positive
associations were seen by Green (1984) in Queensland, Australia; no consistent overall
association was seen in western Canada, and in Western Australia the association was
negative. The results of the other studies are similarly mixed. This inconsistency, in contrast
to the results noted above by place of residence and by biological response, could be due
either to the difficulty of assessing total sun exposure by questionnaires (Armstrong, 1988) or
to different effects of differing patterns of exposure to the sun.

(iv) Short periods of residence implying high potential exposure
Several case—control studies have reported, usually as incidental findings, that subjects
who have had a short period of residence in tropical or sub-tropical environments have an
increased risk for melanoma (Table 19).

(v)  Occupational exposure

Regular outdoor occupational exposure is probably the most convenient measure of
relatively constant sun exposure and has been assessed with differing degrees of detail, from
simple questions on ever/never or a basic amount of outdoor exposure, to detailed
assessments involving assessments of clothing habits, geographical location of work and so
on. The results appear to be inconsistent (Table 20). The more detailed studies, however,
show more consistency, with a significant negative association, particularly in men, who
constitute most of the highly exposed subjects (Table 21).

An overall irregular pattern was seen in western Canada, probably because individuals
with relatively little occupational exposure are those who perform outdoor work seasonally
or for short periods, often in early life, so that this exposure may be an indication of inter-
mittent rather than constant exposure (Elwood et al., 1985b). Such results are consistent with
the effects of a short period of residence in a sunny place, as reviewed earlier. Paffenbarger et
al. (1978) also showed that students who recorded outdoor work before college [presumably
summer employment] had a significantly increased risk of melanoma in later life.

(vi) Intermittent exposure

To assess the effects of intermittent exposure, investigators have asked questions about
specific activities that would be likely to represent relatively severe intermittent exposure,
such as sunbathing, or asked particularly about holidays in sunny places, or used more
complex questionnaires to attempt to assess total intermittent exposure through recreational
or holiday activities. Most of these studies show positive associations, but few show large
effects (Table 22).

In general, the more detailed studies show reasonably consistent positive results. For
example, in western Canada, significant positive associations were seen with recreational and
holiday sun exposures in activities involving reasonably intense sun exposure, such as beach
activities (Elwood et al., 1985b). In Denmark, rather similar relative risks of 1.5-1.9 were
seen with regular participation in activities such as sunbathing, boating, skiing, swimming
and vacations in sunny places (Dsterlind et al., 1988b). Significant positive associations with
sunbathing were seen in the Swedish study of Beitner et al. (1990). In the study of Zanetti ez al.
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